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1. The Blue Crab Fishery: introduction

Low harvest levels, low prices, and too
many pots are just a few of the concerns that
have been expressed for Virginia’s blue crab
fishery. The comments and headlines indicate
that there has been much discussion of these
concerns over the past few years, coming from
fishery managers, the watermen who harvest
the crabs, and the general public who are all
concerned about losing one of the Chesapeake
Bay's premiere resources.

Why Is There Concemn?

Historically Maryland and Virginia have
provided between 45 and 55 percent of the
U.S. hard blue crab harvest and over 60
percent of the soft crab catch. In recent years,
the blue crab has become the main source of
income for Virginia's watermen, as harvests of
oysters and finfish have declined (see Figure
1). Over the last two decades, total harvest of
biue crabs has fluctuated, but shows no
systematic trend, During the same period,
however, the dockside value of blue crabs as
a proportion of total Chesapeake Bay landings
has risen. In 1970, the blue crab harvest was
about 49 percent of the total food fish and
shellfish harvest value in the Bay. In contrast
by 1989, the hard blue crab harvest was about
70 percent of the total value.

Despite the apparent long-term stability in
harvest levels, the decline in other fisheries
has focused attention on the status of the biue
crab fishery. Overharvesting, which may
reduce future population levels, is a concern,
as 1992 was the lowest blue crab harvest on
record in Virginia in the past 30 years. As
catch levels fluctuate from year to year,
showing no trend in total harvest, the catch
per crab gear Jicense issued jumped sharply in
the early 1980s and exhibits a slight downward
trend since. This is a crude measure of
fishing effort, since licenses are issued for a
gear type rather than a number of gear uaits.
There is currently no accurate measure of

fishing effort in the crab pot industry.
However, the decline in catch per crab gear
license is often cited as evidence of falling
population Jevels.

Also, with increased recreational use of the
Bay, the recreational harvest for direct bome
consumption may be rising. However, there
is little recreational harvest data so the extent
of this harvest pressure is simply a matter of
speculation.

For the Bay's watermen, the increased
reliance on the blue crab as a revenue source
has caused those who harvest the crabs to
complain of low prices received for their
product. Price trends reveal that the real
(inflation adjusted) exvessel prices of blue
crabs (prices received by harvesters for fish
and shellfish landed at the dock) has not
declined in recent years (see Figure 2},
although the wide fluctuations in price in the
early seventies are no longer apparent Us
Department of Commerce).

Study Objectives

In 1989, in response to CONCEINS of
overharvesting and low incomes in the fishery,
a Blue Crab Subcommittee of the Virginia
Marine Resources Commission (VMRC) was
formed. This committee consists of Virginia
watermen, crab processors, and VMRC
personnel.  The main purpose of the
committee is to discuss policy related issues
and to decide how to implement measures
mandated by the Chesapeake Bay Blue Crab
Management Plan.

In 1989, as part of the Chesapeake Bay
agreement, crab fishery managemeat plans
(FMPs) were developed. The current bi-state
blue crab FMP states the following:

The goal of this plan is to manage blue crabds
in a way which conserves and protects the
ecological value of the stock, apd at the same
time penerates the greatest long term



ecopomic and social bepefis fom the
resonrce [Chesapeake Bay Executive Council,
1989]

The bi-state FMP also calls for an effort
to, "investigate _and promote harvesting
economic return from the resource®. And
then, in a statement especially germane to this
study, the FMP seeks to "promote studies to
collect the kinds of economic, social, and
fisheries data required to effectively monitor
the stams of the blue crab fishery"
(Chesapeake Bay Executive Council, 1989).

These excerpts from the bi-state crab FMP
recoguize that people harvest crabs for income
and for pleasure, and a plan to manage the
fishery is uitimately a plan to manage people’s
harvest to achieve some social purpose refated
to these income and recreational values. The
goals and motivations of these people, often
income driven, must be analyzed and
understood if regulatory strategies are to
influence behavior of barvesters. Management
Questions needing attention include:

\arvast lavels cutside .-
of the commaercial sector? -
* What are the income, harvest,

and effort effects of alternative
management policies?

To answer questions such as these requires
iat catch per unjt effort, costs of harvest,
market distribution chanels, and the exvessel
price formation process be understood.
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Lack of accurate data and careful economic
analysis of such data is a serious problem
within the industry. Landings reported to the
National Marine Fisheries Service (NMFS)
appear to have been underestimated in the past
(Vance, 1982), and exvessel prices are
gathered from large picking houses which may
currently be taking less and less of the market
share of blue crabs. There are little available
data on costs currently faced by the watermen.

The main purpose of this swdy is to
examine the effects of fishery management
strategies on the harvest and income levels of
crab potters in Virginia, This study gathered
data that was used to examine the effects of
alternative policies on the income of potters in
Virginia. In 1991, crab pots accounted for
over 70 percent of the hard and peeler crab
commercial catch in Virginia. Because of
this, the primary focus for this study is the
hard and peeler crab harvest by pots. While
hard crab catch far exceeds that of peeler
crabs, the peeler crab industry in Virginia is
important, as it provides close to 60 percent of
the annuval U.S. soft crab harvest. For this
reason and because there are some harvesters
who fish both hard crab and peeler crab pots,
consideration will be given to the economics
of the hard and peeler crab industries, and
comparisons between the two will be
developed.

Oneofthemimpomntstepsin
analyzing the industry is outlining the
economic and physical flows into and out of
the fishery, recognizing types and amounts of
inputs (or fishing effort), the harvest result and
the marketing system. The combination of
inputs defines fishing effort, although the
primary indicator of effort for this study wil
be pot days fished. This report addresses the
above questions and provides imporsant and
accurate data on the blue crab harvesting
sector,
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il. How Does the Fishery Operate?

Figure 3 is a representation of the flows of
ipputs and outputs for the blue crab pot
harvesting sector. At the bottom are the
varigble and fixed imputs used in harvesting
for both bard and soft crab operations. These
inputs contribute to harvest which, in turn,
move through a series of available marketing
channels. The hard crab firm may sell all or
part of its catch to a processing plant (where
crabs are processed for picked meat), to the
basket trade (people in trucks who take crabs
at the dock and may sell them either to
processing plants or retail them directly), retail
them steamed and/or as picked meat or keep
the crabs for personal use. If the hard crab
harvester chooses a marketing channel other
than the processing plants or basket trade
buyers who come to the dock, there are
additional costs including transportation,

cooking, and/or picking, Also, these
alterpative channels are not available
everywhere, While the prices the crabber

receives may be higher in marketing channels
other than the traditional picking houses, there
must be an available sales outlet for the live
crabs,

For peeler crabs, a harvester may choose
to shed his own crabs which requires more
inputs including a shedding system (which can
be either floating in the water or a
recirculating system) and labor. Peeler crabs
are held in the shedding system for anywhere
from a few hours 1o 5 or & days, until they
shed their hard outer shell. After this, the
crabs are usually frozen and shipped 10 a
retaifer. Peeler crab harvesters may also
choose to sell their crabs to a shedder who
then retails them. Again, if a harvester retails
his own soft crabs, there must be an available
sales outlet, Also, a peeler crab harvester
may choose to keep part of his catch for home
use.

The next sections give a brief overview of
each of the steps in the harvest and markeling
chain.

Biology of the Blue Crab

The blue crab is known as Callinectes
sapidus, which translates as "savory, beautiful
swimmer”. It inhabits near-shore waters
along the Atlantic coast from New Jersey to
Florida and along the Gulf Coast to Texas. It
is also found in small quantities in Europe and
in larger guantities on the coast of Israel and
in the Nile River Delta.

Mating of the blue crab occurs in brackish
water berween early May and October, but
mainly in late surnmer, in the Chesapeake
Bay. Females mate only once, while in the
soft shell state, but males may mate several
times. Females can have anywhere from
700,000 to 2 million eggs in one spawning.
Crabs go through eight larval stages before
they become a “first crab™. During these
larval stages, the crabs serve as food for
various fish in the Bay.

Crabs grow by shedding their hard, outer
sheils. Small crabs shed frequently, but the
time interval between sheddings increases as
the crabs grow. Young crabs moult every 3 to
5 days, while older crabs may shed every 20
10 50 days. There are 25 to 27 sheddings
between the first larval stage and the adult
(Van Engel, 1973}

In the Chesapeake Bay, crabs become 5
inches or larger in width in 14 to 18 months,
between August and November of the second
summer of fife. Crabs may live for more than
3 years, but few live for more than 2 years.
In the Bay, crabs underge semi-hibernation
when the water temperature falls to 40 degrees
F or less.

The short life span of the blue crab,
coupled with its large reproductive capacity,
makes it unlikely that a Schaefer stock-
recruitment curve, where harvest in the period
is a function. in part, of the previous year’s
harvest, is appropriate for the blue crab.



Instead environmental factors, such as
temperature and salinity, appear to be the main
determinants of stock size in any year
(Chartier, 1988).

Commercial Harvest and Distribution

The blue crab is harvested in two forms.
Hard crabs are taken when their exoskeleton
has hardened between moultings, and are sold
live, steamed, or as picked meat. Soft crabs
have recently shed their exoskeleton. The
marketed soft crab is often harvested as a
peeler crab, a crab which is preparing 10
moult. Peeler crabs are kept in pounds of
floats until they shaed their exoskeleton, and
are sold live or frozen or, if they die during
moulting, are sold as fishing bait.

Hard Crab Harvest. The harvest of hard
blue crabs in Virginia takes place all year
long. For nine months of the year, from
March to November, hard crabs are caught
mainly in pots. A crab pot is 2 mesh wire,
nearly cubical cage with two to four openings
on each side, through which crabs enter,
attracted by bait placed in a central
compartment. Harvesters will either buy crab
pots.already made or they will buy the wire to
make the pots themselves. A certain length of
rope is attached to the pot, anywhere from 20
to 30 feet, depending on the depth of the water
where the pot is set. A colored buoy, attached
to top of the rope, floats on the water so that
crabbers can identify and locate their pots.

At the beginning of the season, the
harvester puts bis pots in the water so that
they sit on the bottom of the river or Bay.
Pots are left in the water for the entire season
and are pulied up every one or two days to
empty out the crabs and rebait the pot. The
most common type of bait used is fresh or
frozen menhaden. Pots are replaced as they
wear out and/or are cut or stolen. The
average life of a crab pot is 18 months or 2
full seasons.
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Crab dredges are used in Virgimia to
harvest crabs from December to March.
Dredging consists of raking semi-dormant
crabs off the bottom of the water with a metal
toothed bar, connected to a mesh bag (Van
Engel, 1962). The dredging of crabs is not
permitted in Maryland and there has been
some concern, especially among Virginia crab
potters, that dredging, which does not allow
for any closed season on crabs, may be
responsible for reducing blue crab stocks 10
dangerously low levels. Poters also dislike
dredging becanse they feel it holds the price of
crabs down in the spring and fall, as there is
a supply going to the processors all vear
round.

Peeler Crab Harvest. Peeler crabs and
soft crabs are generally harvested berween
April and September, due mainly 1 tha fact
that is difficult to attract moulting crabs during
their winter hibernation. The main gear types
used to catch peeler and soft crabs are peeler
pots, crab scrapes, and pound nets. Peeler
pots are similar to hard crab pots, but they are
baited with a male crab, called a Jimmy to
attract female peeler crabs who are ready to
moult. Harvested peeler crabs are usvally in
one of three shedding states - less than 1 day
from shedding, 1 to 2 days from shedding,
and 3 to 4 days from shedding. The color of
the claw of a peeter crab indicates which stage
of shedding it has entered.

Crab scrapes are toothless dredges used to
gather peeler and soft crabs from the
protective eelgrass where they go to moult.
Peeler pound pets stretch out into the water
from the shore and lead crabs to a wap from
which they cannot escape.

Distribution of the Catch. After the
crabs are harvested, they can be sold through
many channels. Crabbers may sell all or pan
of their hard crab catch to picking houses.
where the crabs are processed into meat.
They may sell their peeler crabs to shedders.
They may also choose (O sell alt or part of
their cawch to the “basket trade”, which
consists of wholesalers or retailers who tuy



crabs at the dock. As part of the “basket
trade” crabbers may also perform value-added
activities, including shedding their own crabs,
steaming their hard crabs, or refailing their
live crabs directly. Some crabbers even
choose w fly their soft crabs directly o
Northern markets (Wesson, conversation).
Large crabs are usually sold as whole crabs in
the basket trade, but the smaller crabs (with
less meat) usually go to the picking houses to
be processed.

Mard Blue Crab Processing Sactor

While many marketing channels exist for
large hard crabs, processors take most of the
smaller hard crabs, which are not usually sold
live or steamed. Instead the small ("picking”)
crabs go to picking houses where they are
steamed and the meat is picked from the
shells. Processed products include: fresh and
pasteurized crab meat, frozen and canned
specialty products, and bermetically sealed
canned c¢rab meat (Dressel and Whitaker,
1982).

The average meat yield of hard blue crabs
in the Chesapeake Bay region is between 8
and 12 percent, meaning that 100 pounds of
live crabs yield 8 to 12 pounds of crab meat,
in various grades.  Although it varies
depending on regional customs and state laws,
the technology used in processing blue crabs
has changed little since fresh crabmeat was
first marketed in the late 1800s. Hand-picked
crabmeat still constitutes the major product
from the crab plants (Hong, 1990).

There is some mechanization within the
industry, mostly in the larger plants. The
Harris process is used to remove claw meat,
In this process, claws are put through a
hammer mill type machine that breaks the
claws into many small pieces. The meat is
separated from the shells by 2 brine floatation
process with the meat floating to the top and
the shells sinking to the bottom. The meat is
sprayed with fresh water and the water is
removed by a metal squeezer. A second
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picking machine is the Quik-Pik, which
removes meat from the main body of the crab
by high speed vibration (Hong, 1990). These
mechanization techniques are not widely used
in the processing industry, not only because of
their high startup costs, but also because the
meat produced by these machines is of lower
value than band-picked meat.

Recreational Harvest

The size of the blue crab recreational
fishery in Virginia is unknown, but it is
thought to be quite large. In addition to those
who fish recreationally with only 1 or 2 pots
per person or by hand lines with dip nets
(which does not require a license), a fairly
substantial portion of the license-holding
population could be considered recreational or
non-commercial, in that they do not derive any
part of their income from potting, Because
this catch does not move through any
marketing channels, it goes unreported.
Concerns about this sector have come from
both commercial fishermen and Chesapeake
Bay fishery managers, The watermen are
concerned that recreational fishers are
claiming too large a share of the harvest and
that some of them may be selling part of their
catch, which gluts the market and holds down
exvessel prices. - Chesapeake Bay fishery
managers are concerned about the lack of
information on the recreational sector and the
inability, therefore, to establish whether or not
it has an impact on blue crab population
levels. A further exploration of the impact
and characteristics of the noncommercial
sector will be presented later in this report.

Current Regulations

While new regulations are being considered
for the industry, there already exist some laws
in Virginia that govern the fishery, Each
person wishing to caich crabs commercially
{more than 2 pots per person) must purchase
a gear license. For anyone fishing from 3 to
5 pots, there is a recreational license which



can be purchased. Anyone fishing more than
S pots must purchase a commercial license. In
January 1994, the Virginia Marine Resource
Commission (VMRC) will begin issuing
separate licenses for hard crab pots and peeler
pots. There is currently no limit on the
number of gear licenses that can be sold, or oo
the number of gear units that can be employed
once a commercial license is purchased. In
1990, 2550 crab pot licenses were sold.

Hard crabbing is prohibited on Sundays,
and potting is not allowed from December 15
to January 31. Crab dredging is only
permitted from December 1 to March 31 and
is prohibited on Saturdays and Sundays and
between sunset and sunrise on all days.

The minimum size limit for male hard
crabs and sexually immature female hard crabs
is 5 inches. There are no minimum size limits
for peelers, soft crabs, or adult female hard
crabs (sooks). Some watermen believe that
enforcement of these size limits is not effective
because fishery inspector checks are sporadic
and because culling rings, which release small
crabs from pots, are not mandatory in
Virginia.

The crab dredge fishery has a 75 bushel
limit of crabs per day per vessel. In the pot
fishery, catch is restricted to 51 bushels or 17
barrels per vessel per day from March 15 w0
May 31. There are also area restrictions.
Dredges are not allowed in rivers, estuaries,
inlets, or creeks. There is a Crab Sanctuary
Area in the lower Bay, where crabs cannot be
taken from June 1 to September 15. Hard
crabs may not be taken at any time from the
Tangier Istand Crab Scrape Sanctuary (V MRC
circular, 1992).
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Ii. Study Procedures

In order to characterize the fishery, a series
of steps were taken to profile the Virginia blue
crab pot fishery for 1992. The main source of
data for this profile was a series of monthly
surveys of individual license holders,
conducted from March to November of
1992.' In order to make the survey as
efficient and useful as possible, a series of
interviews were conducted with people
involved in the fishery. A rough draft of the
survey instrument was sent to three watermen
in Virginia, who included a peeler crabber and
two hard crab potters. Ali of these watermen
were members of the VMRC Blue Crab
Subcommittee. These watermen were
personally interviewed and gave their
comments on both the merits and problems of
the survey instrument and on characteristics of
the industry. The survey was aiso sent to
personnel at VMRC and the Virginia Institute
of Marine Science (VIMS) who, because they
had both previously conducted surveys of
witermen, provided valuable insights on
survey design and implementation.

In order to better understand the barvesting
sector, two watermen were accompanied on
their daily crabbing runs - a peeier crab run
on the York River and a hard crab run in the
Rappabanock River and Chesapeake Bay.
These trips provided insights on the everyday
work of watermen -from how the boats are
loaded in the morning to how the catch is
marketed in the afternoon.

On the processing side, an interview was
conducted with a farge picking house company
in Virginia. This interview provided
information on how processors operate, the
competition they face, and how the prices they
offer to watermen are formed. Another
interview was conducted with a soft crab
parvester and wholesaler in Virginia, which
gave some insights into soft crab price
determination.

The basic objective of the survey
instrument in this study was to provide
primary data on inputs and outputs from the
crab pot sector of Virginia. The survey was
designed to gather data to be used in
estimating production, cost, and net retrn
functions for the 1992 season. Because both
input and harvest levels vary throughout the
year, the survey was conducted on a monthly
basis from March to November. The potting
season generaily begins in mid-March and
ends in mid-November, but surveys for March
and November were combined with those for
April and October, respectively, totaling 7
separate survey instruments for the season.

A monthly survey was also chosen to avoid
recall problems that might result from one
mailing at the end of a season and also
because watermen were required to provide
catch data for only one month. Few questions
on costs were asked, except for the fixed costs
that the crabber pays aanually. This helped to
prevent NON-TeSponses as the questions did not
require the watermen to provide all the
financial details of their operation. Costs for
variable inputs were obtained in a telepbone
survey of selected crabbers (those who,
through their comments on the survey,
expressed concern for the fishery and 2
willingness to provide additional information).

The survey was divided into two pars (See
Appendix E). Part 1 contained questions for
all of the respondents 1o answer. These
included attitude questions about fisheries
policy, general characteristics of the crabber,
and fixed costs and inputs. Part I was 10 be
answered by those who crab potted during the
month they received a survey. This section
included a monthly calendar, on which
respondents were asked to fill in the number
of bushels of peeler and/or hard crabs that
they caught each day. The rest of the section
asked questions about variable inputs (bai,
pots, labor, étc.) and marketing chanpels. The



survey ended with a section for additional
comments by the crabber. A full discussion of
sampling procedures and response rates is
given in Appendix D.

1. Before the extensive profile of the fishery began in 1992, a short survey was done in the summer of
1991, This survey was designed to determine the characteristics of those who enter and exit the blue
crab pot fishery and if these characteristics differ from those who remain w the fishery. This survey
was 3 pages bong and a copy is shown in Appendix E as Survey 1.



IV. Who are the License Holders in the Crab Pot Fishery?

There are few available data on the
differences among crab pot license holders and
on the characteristics of their operations. No
information on the number of gear units or
number of days fished or vessel characteristics
is gathered when licenses are sold. This study
provides much of this previously unknown
information.

Table 1 presents firm characteristics for
the entire fishery, showing the range of license
holders and the average and median license
holders. One important feature to note is that
this is an extremely diverse fishery, with
vessel ages ranging from new to over 60 years
old and with number of pots fished ranging
from 1 to 600. The median values for pats
fished and days fished per season are lower
than the average values, indicating that the
majority of license holders tend to be smaller
operators. Also, the average boat length is 24
feet, demonstrating the small-scale of most
license holders. There is a relatively small
group (about 16 percent of license holders)
who are Jarge-scale operators, but the general
indications are that this is not a capital
intensive fishery, with much high-tech
equipment and many big operators.

The crab pot license-holders were
divided into three general categories:

Maryland Commercial

V-1

Virginia Commercial

Maryland vs. Virginia Commercial
Crabbers

Approximately three percent of the
Jicense holders were Maryiand residents who
crab potted in Virginia waters in 1992. Of
these all were considered commercial. Table
2 shows a comparison between the Maryland
and Virginia commercial crab pot sectors.
The Maryland crabbers fish more peeler and
hard crab pots per day than those in Virginia.
Maryland crabbers have larger vessels and
have more experience even though they are
younger than their Virginia counterparts.
They also fish more months of the year,
especially in April and November. Maryland
crabbers derive more of their income from
potting than commercial potters in Virginia,
indicating that they rely on crabbing for most
of their income.



in Virginia. Approximately 60 percent of the
hard crabs are going to a picking house, while
the remaining 40 percent are going to a non-
traditional marketing channel, with 2 percent
kept for personal use. For peeler crabs, a
higher percent are kept for home use, just
over G percent. About half of peeler crabs are
sold 10 a sbedder, with about one-third being
shed by the harvester and s0ld 10 a retail
market.

T

The entry/exit respondents were classified by size, region, and type of firm. The only
difference in this classification was that commercial and non-commercial crabbers were defined
by mumber of pot days fished rather than percemt of income from crabbing.
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Table 1: Firm Characteristics

Variable: MinJ Max, Mean Median

Hard pots fished 3 T 600 127 100

Peeler pots fished I 500 135 100

HRard pot days per season 4 235 117 109

Pecler pot days per season 13 183 73 61

Length of crabbing vessel (feet) 12 50 24 20

Age of crabbing vessel (years) 1 66 15 12

Age of engine (years) 3 83 8 5

Percent income from potting 0 100 37

Percent income from other fishing 0 100 12 0
Table 2: Maryland and Virginia Commercial Crab Pot Firms

Maryland Virginia

Average hard crab pots fished 360 | 169
Average peeler pots fished 206 146
Days hard potted per season 140 140
Days peeler potted per season 98 74
Length of crabbing vessel 38 27
Age of crabber 46 50
Years of crabbing experience 29 22
Percent income from potting 86 54
Mooths Fished: (Percent)
March 40 32
April 80 66
July 87 86
October 67 65
November 53 44




Table 3: Non-Commercial Virginia Crabbers

Non-Commercizl

Average hard crab pots fished 16
Average peeler pots fished 10
Days bard potted per season 63
Days peeler potted per season 64
Age of crabber 59
Years of crabbing experience 20
From Region 1 8%
From Region 2 7%
From Region 3 21%
Months Fished: (perceat)

March 3
April 19
July 94
October s
November 6

Table 4: Virginia Commercial Sector - Distribution of Pots Fished

| Number of pots: % of Peeler Potters % of Hard Crab Potters
1-99 pots per day 36 26
100-199 pots per day 25 36
200-299 pots per day 30 18
300-399 pots per day 6 14
400 or mare pots per day 3 6
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Table 5: Terms Used for Classifying Crab Pot License Hotders

Large operators
Medium operators
Small operators
Region 1

Region 2

Region 3

fish more than 300 pots a day

fish between 100 and 300 pots a day

fish less than 100 pots a day

Eastern Shore of Virginia - counties of Accomac and Northampton

Counties of Eastern Virginia north of York River - counties of
Westmoreland, Northumberland, Richmond, King George, Stafford, Prince
William, Loudan, Spotsylvania, Orange, Caroline, Essex, Lancaster, King
and Queen, King William, New Kent, Harover, Louisa, Goochland,
Henrico, Gloucester, Middlesex, Mathews, Fairfax, and city of Arlington

Counties of Eastern Virginia south of York River - counties of York, Isle of
Wight, Southampton, Dinwiddie, Prince George, Surry, James City,
Charles City, Chesterfield, and the cities of Chesapeake, Virginia Beach,
Norfolk, Hampton, Newport News, Richmond, Suffolk, and Portsmouth

Table 6: Virginia Commercial Crabbing Firms, by Size

Small Medium Large
Average hard crab pots fished 47 i58 302
Average peeler pots fished 31 119 241
Days hard potted per season 119 149 147
Days peeler potted per season 61 71 87
Length of crabbing vessel 19 2 33
Age of crabber 58 50 42
Years of crabbing experience _ 20 24 22
Percent income from potting 25 59 70
From Region 1 6% 23 % 5%
From Region 2 6} % 58 % 36 %
From Region 3 31 % 19 % 9 %
Months Fished: (percent)
March 21 32 45
April 49 62 95
July 92 87 82
October 52 65 79
November 20 43 66




Table 7: Virginia Commerdal Crabbers by Region

Region 1 Region 2 Region 3

Average hard crab pots fished 238 155 145
Average peeler pots fished 216 80 59
Days hard potted per season 125 144 148
Days peeler potted per season 83 70 50
Length of crabbing vessel 28 26 26
Age of crabber 47 50 51
Years of crabbing experience 23 23 20
Percent income from potting 56 55 46
Months Fished: (percent)

March 36 29 49
April 70 61 76
July 69 92 92
October 53 70 70
November 41 43 55

Table 8: Virginia Commercia) Crabbers by Firm Type

l Hard/Peeler Hard Ouly | Peeler Only
Average hard crab pots fished 159 176 n/a
Average peeler pots fished 134 nfa 179
Days hard potted per season 118 148 n/a
Days peeler potted per season 68 nfa 91
Length of crabbing vessel 25 28 21
Age of crabber 45 50 52
Years of crabbing experience 19 23 25
Percent income from potting 52 55 48
From Region 1 4 % 11% 25%
From Region 2 17 % 68 % 5%
From Region 3 19 % 17 % 64 %
Months Fished: (percent)

March 40 35 7
April 76 70 24
July 76 92 62
October 61 75 13
November 45 51 3




Tabie 9: Transient and Permanent Crab Potters

'n-ansugg_ Permanent

Average hard crab pots fished 88 125
Average peeler pots fished 109 139
Days hard potted per season 83 125
Days peeter potted per season 91 114
Length of crabbing vessel 21 23
Age of crabber 47 52
Years of crabbing experience 15 22
No non-fishing income 28 38
Months Fished: (percent)

March 13 25
April 33 50
July 72 77
October 24 40
November 11 24
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V. Economic and Biological Theory of the Fishery

Fishery analyses contain bath biological
and ecopomic components, encompassing
jssues such as population dynamics and
propery rights. This section examings some of
the underlying biological and economic
concepts used to develop harvest, price, and
income estimates for the fishery.

Bio-Economic Relationships

Effort in the fishery is defined in two
ways. Nominal fishing effort refers to the
volume of resources devoted to fishing,
quantified either as monetary of physical units.
Effective fishing effort is used by biologists to
refer to fishing mortality, usually measured as
the biomass of fish extracted by fishing,
expressed as a proportion of the mean
population (Cunningham, 1985). In this
study, all references to effort will be to
nominal fishing effort, which will mainly be
defined as pot days fished, but may also
include other variables such as bait and labor.
Pot days fished is the number of pots fished
each day multiplied by the number of days
fished.

Production, in fisheries, is a combination
of biological and economic factors. Fisheries
are renewable resources, meaning that the
stock size may be increased as well as
decreased by general environmental factors
and harvest levels (Pearce and Tucner, 1991).
In particular, harvest in time period t
influences harvest in time period t+1. Design
of management policies, therefore, requires a
basic understanding of the population
dynamics of the fishery.

Many economic analyses of fisheries begin
with the assumption that the population
dynamics of a fish species are characterized by
a Schaefer stock-recruitment curve. This
piological theory assumes that the growth of
the fish stock measured in weight is a function
of its size in weight. In the long run, this

relationship allows for a constant maximurm
sustainable yield (MSY), which is the highest
leve] of harvest that can be taken each period
without negatively affecting the size of the
population.

One of the major assumptions of the model
is that barvest in one period affects harvest in
the next period. This model may be
appropriate in a fishery where environmental
changes do not have a large influeace on the
fish population. The biue crab fishery,
however, is highly influenced by its marine
environment.  The population is usually
dependent upon certain ecological conditions
during critical phases of its life cycle and
bears little relation to the population size of
the previous generation.

In 1985, Willard Van Engel, professor
Emeritus at VIMS, summed up the current
thought on blue crab dynamics:

There is po evidence of any long-term
change in the number of blue crabs in the
Bay. Althouph the commercial catch
varies from seasop to season and year to
year, these variations result from short-
term changes in the quality of the
environment. Water, temperature, salinity,
dissolved oxygen, the quality and gquantity
of food affect reproduction, growth, and
the rate of survival of every stage in the
crab’s development. [VIMS bulletin, 1985)

A 1992 publication from the Chesapeake
Bay Program reported that the only attempt
made to directly assess the size of the female
spawning stock of blue crabs demonstrated a
year-to-year variability of nearly BO percent
(Rickhus et al., 1992). This emphasizes the
importance of accurately modeling the
population dynamics of the blue crab.
Attempts at this have been made. Some
authors have found a spawner/recruit model
(like the Schaefer model) to be inappropriate
because of the overwhelming importance of



the physical environment in determining
recruitment success for the bphe crab
(Applegate as cited in Rickhus, 1992).

Some models based on the Schaefer
analysis have suggested the MSY for blue
crabs in the Chesapeake Bay to be between 69
and 77 million pounds. Landings in the Bay
in the 1980s were consistently larger than
these mumbers, indicating either that the stock
is ready to collapse or that these MSY
estimates are inappropriate for the fishery.
Rickhus et al. conciude that more work is
needed tc obtain more accurate stock
assessments of the blue crab population.

The early 1992 season was characterized
by low rates of harvest and small crabs. Some
concerns were raised by watermen and
Chesapeake Bay managers about harvest
pressures ot the population. VIMS scientists
have cited a drop in the natural cycle of the
crab larvae, along with weather patterns and
currents at the mouth of the Bay, as the key
factors in the low catches. There is still some
concern, however, that increased harvesting
pressure in recent years is responsible for the
decreased catch.

For this study, the blue crab fishery will be
assumed to be a density independent stock,
meaning that growth levels are not affected by
harvest levels in previous time periods. This
assumption is consistent with most of the
scientific literature, which stresses
environmental factors over human factors in
blue crab population determination. It also is
an acceptable assumption for the single year
focus of this study. Harvest, therefore, will
become a direct function of effort and the
population level in any given year.

Graphically, Figure 6 shows effort-yield
functions for different stock sizes, where CC
represents the maximum carrying capacity of
the environment and 3 is the largest possible
stock size (Cunningham, 1985). The
possibility of diminishing returns to effort is
represented by the concave shape of the effort-
yield function.

V2

Determination of Economic Returnsin
the Fishery

The blue crab fishery is 4 common
property resource, one that is not exclusively
controlled by a single agent or source
(Tietenberg, 1992). The blue crab fishery is
not completely an open access system, where
no one owns the resource and access is open
to all. While no one owns the blue crab
resource, access is limited by the laws that
govern the fishery and by the skills of the
watermen. Crabbers must be licensed by the
state, there is a closed season on crab potting,
and there are catch limits at certain times of
the year to limit effort,

Total costs of effort, for the blue crab
fishery, will be increasing as effort increases
due to the differences in skills of the
watermen. Since there are various degrees of
skill, as less skilled labor enters the fishery,
the cost of supplying extra effort increases
because more non-labor inputs must be used
with each unit of labor (Anderson, 1986).
Also costs can be increasing because the
opportunity cost of crabbing labor is rising.

Figure 7 is a general representation of
industry barvest equilibrium for Virginia's
blue crab fishery. In Panel A, ES is the
supply response for effort function, which is
upward sloping, indicating that effort enters
the fishery in response to expectations that the
return to effort will equal or exceed the cost of
effort. MRP, and ARP, are, respectively, the
marginal and average revenue products of
effort, which are the marginal and average
products of effort times the dockside price of
blue crabs. These curves are negatively
sloped, suggesting that the marginal and
average products of effort decline with
increasing levels of effort.

In a sole owner fishery, equilibrium effort
occurs where MRP, = ES, point E,;. At this
point the owner is deriving rent to the
ownership of the rights to fish (resource rent)
of ABFH. He is paying out rent of FGHE,,
10 those who work in the fishery.



In an open access fishery the crab stocks
are unowned and there is unrestricted entry of
fishing effort. Harvest costs will vary across
fishermen using identical levels of effort and
all of the resource rent will be dissipated to
the point where ARP, = ES, point E,. At
this point factor rent is GCE and this rent
accrues to the more highly skilled fishermen
who have low cost curves. The rent derived
under an open access system (GCE) is less
than the rent derived under the sole owmer
regime (ABFH + GFH), which indicates that
financial returns to the industry are lower in
an open access system.

In Panel B of Figure 7 the total product of
effort {TRP,) is shown. Harvest increases at
a decreasing rate with effort. The sole owner
effort level tesults in a harvest level of H,,,
while the open access effort leve] results in a
bigher harvest level of H,.. Panel C is an
inverse demand function, suggesting that
increases in harvest levels will reduce exvessel
prices. The sole owner harvest jevel results in
price P,, which is higher than P_, the price
resulting from the open access harvest level.
The main reason prices are lower in an open
access system is the higher harvest levels
caused by the additional effort of the marginal
firms who come into the fishery when access
is not limited. These marginal firms, with
higher cost curves than others in the fishery,
bring in additional harvest which depresses
prices, and therefore income, for the entire
fishery. The average firm, therefore, is worse
off under open access than under a sole owner
regime.

Open access systems, therefore, tend to
result in higher effort and harvest levels and
Tlower price levels than sole pwner regimes.
The objectives of many fishery management
policies are to keep effort and/or harvest levels
from being too high and endangering the fish
stock. As a consequence, restricting effort
may raise industry and firm Jevel incomes.
These types of policies will also affect the
incomes of the people in the fishery. The next
sections outline the determination of harvest,

price, and income levels for the 1992 biue
crab pot fishery in Virginia.
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V1. What were 1992 Harvest and Price Levels in the Fishery?

1992 Harvest Levels

The level of the blue crab population is one
factor which will influence the amount of
crabs caught by the individual firm. This
study, bowever, is for a single year, when
effort is applied to a fixed population level,
which need not be known. Therefore, in the
harvest equations, there is no variable for
stock size, although seasonal shifters will
account for variations in stock size over a
$eason.

Harvest equations were modeled using
monthly data obtained from the surveys, with
the number of pot days fished in the moath
hypothesized to be the main factor influencing
barvest levels for an individual firm. Other
variables that were hypothesized to have
influence included vessel length, years of
crabbing experieace, crabbing region, and
season of the vear (see Appendix A for a full
explanation and presentation of the harvest
equations).

Figure 8 shows the procedures used to
obtain total industry harvest levels for both
hard and peeler crabs. A monthly harvest
equation was estimated from the survey data
and this equation predicted monthly harvest
levels for each individual firm. These harvest
Jevels were summed over all months fished to
obtain an annual harvest level for each firm.
These annual harvest levels were summed over
all firms and aggregated up to encompass all
crab pot license holders.

Sectoral Harvest Levels. For hard
crabs, monthly harvest was a function of pot
days fished, length of crabbing vessel, and
season of the year. For peeler crabs, monthly
harvest was a function of pot days fished,
years of crabbing experience, and crabbing
region. Annual harvest levels were estimated
for four sectors of Virginia’s blue crab
fishery. These sectors were:

Virgiria Commerdial Potters

ational :';Pmtefg;:':f'

Table 10 gives the blue crab harvest levels
for each of these sectors, along with their 95
percent confidence intervals. The aggregation
techniques given in Figure 5 were used to
obtain the blue crab harvest levels for the
Virginia and Maryland commercial sectors and
the Virginia non-commercial sector. The
harvest estimates for the recreatiomal sector
were based on a report publisbed by the US
Department of Commerce In 1985 on
recreational shellfishing in the United States.
Using that report’s estimates of the number of
annual recreational shellfishing days in
Virginia and the number of recreational
shellfishers, and assuming that recreational
fishers catch 1/4 of a bushel of bard crabs a
day, the recreatiopal catch in Virginia was
estimated to be approximately 16 percent of
the commercial catch.

These numbers show that the commercial
harvest is only 84.5 percent of the total
harvest of blue crabs in Virginia. This result
demonstrates that harvest levels, which are
usually reported only as commercial landings,
may be significantly underestirnated, and may
not be a true indicator of the total output of
the blue crab fishery.



Determination of Exvessel Prices

Because the marketing channe} analysis
showed that much of the blue crab catch in
Virginia goes t© pon-traditional outlets where
the price received may be considerably higher
than in traditional channels, a two-step process
was used 10 o'btain 1992 monthly exvessel
price estimates for both hard and peeler crabs.
This process allowed for higher prices for a
portion of each waterman’s catch.

Hard Crab Prices. For hard ¢rabs, the
first step was to build a predictive econometric
model, based on historical data. Monthly hard
crab exvessel prices were a function of
monthly landings, monthly wholesale price,
and month of the year (See Appendix A for a
complete description and explanation of this
model).

The historical price data that was used to
build this mode! was gathered mainly from
large picking houses and so this model only
predicts the price the waterman will receive at
the picking house for his crabs. The data in
Figure 5 suggested that exvessel prices, which
are currently reported as averages from the
large picking houses, may not accurately
represent the price that the waterman receives.
Anecdotal data suggests that while picking
house prices may correctly represent the prices
crabbers receive for their smaller (#2) crabs,
the prices for the larger (#1) crabs appears to
be two to three higher than the prices of the
#2 crabs. #1 crabs comprise approximately
ope-third of a crab potter’s daily catch.
However, there are no data on prices in
alternative marketing channels nor any time

series on the percent of catch going o each
marketing channel,

A telephone survey of crabbers in early
1993 revealed that, on average, crabbers sell
one-third of their catch to a retail or wholesale
market where the price they receive is 2 10 3
UT:"S higher than the picking house price.

erefore, a two-price model was used to
?"’dl:?’ the average price the crabber receives
or s catch. The picking house price, given

by the estimated econometric equation, was
paid for two-thirds of the crabber’s catch.
The other one-third of the crabber’s catch was
assumed to bring a price 2.5 times higher than
the picking house price. The overall monthly
exvessel price was, therefore, 1.5 times higher
than the picking house price.

The monthly prices estimated by this
method are given in Table 11. Prices are
highest in the summer moaths, when demand
for crab meat is at its highest. Prices are
lowest in the fall, when stocks of blue crabs
are high and demand is beginning o lessen.

Peeler Crab Prices. Soft crab exvessel
price and landings data were obtained from the
National Marine Fisheries Service. Soft crab
wholesale prices were obtained from Umer-
Barry, a private marketing company in New
Jersey. Initial attempts at modeling Virginia
soft crab exvessel prices as a function of
Virginia landings, wholesale soft crab prices,
and season of the year demonstrated no
significant relationship among these variables.
Talks with soft crab harvesters, processcrs,
and wholesalers revealed that because soft
crabs are often shipped to Northern markets
for whoiesaling and can often be kept frozen
for months, price discovery is often difficult.
Another important factor in exvessel price
formation is that Virginia has a much lower
share of the national soft crab market today
than it did fifteen years ago. Currently
Virginia provides about 60 percent of the
national soft crab harvest, compared with
almost 90 percent fifteen years ago (Whittaker,
conversation). This means that Virginia soft
crab exvessel prices are dictated more by
national landings than by Virginia landings.

Conseguently, monthly exvessel peeler crab
prices were not modelled, but rather were
taken from VMRC estimates for 1992, Ta
account for higher prices in alternative
marketing channels, the published price series
was multiplied by 1.5. Table 11 summarizes
the monthly 1992 estimates of exvessel prices
for peeler crabs. Prices are lowest in April,
when there are wide fluctuations in day to day



prices offered. Exvessel prices tend to settle
in May and remain fairly constant for the
remainder of the season.

Comparison to Published Harvest and
Price Levels

One of the main objectives of this study
was to gather accurate data on the fishery.
This included both data which were currently
unavailable, such as characteristics of the
license holders and the marketing channels
used for hard and peeler crabs, and data which
are currently collected, such as harvest and
price levels, which may not be accurately
reported.

The 1992 method for gathering published
harvest and price data for Virginia’s blue crab
fishery was a voluntary reporting system,
whereby the Virginia Marine Resources
Commission collected data from those
watermen and crab buyers who were willing to
report on harvest and prices. One official at
VMRC conceded that, through this system,
only about 60 to 65 percent of the harvest was
being captured (Ner, 1993). In 1982, Yance
concluded, through evidence of other surveys
and calculations of net returns in the fishery,
that harvest levels for Virginia’s blue crab
fishery were undemeported by one-half
(Vance, 1982).

Table 12 presents the data on harvest and
prices estimated from this study and the data
collected by VMRC. The report harvest in
table 12 from this study does not include the
harvest by Maryland crabbers in Virginia, as
these numbers are not counted by VMRC.
The published data’s hard crab catch is about
40 percent of the catch estimated in this study,
while the peeler crab catch is only about 30
percent of the catch estimated in this study.
Hard crab and peeler crab prices are
significantly higher in this study, mainly due
to the use of the two-price model which
accounts for alternative marketing channel
prices.



Table 10: Harvest Estimates by Sector

Sector: Lower Limit Upper Limit Average
Maryland 4,952,470 6,205,270 5,578,870
Va. Commercial 44,216,705 66,025,613 55,121,159
Va. Non-Commercial 849,019 2,018,011 1,433,515
Va. Recreational 3,124,620 16,538,804 9,786,712
Totals: 53,142,814 90,787,698 71,920,256
Table 11: Exvessel Prices Per Pound
Hard Peeler

March 51 N/A

April 62 1.78

May 17 291

June .74 2.76

July T 2.76

August N 2.79
September .48 2.70

October 42 N/A
November .55 N/A
Table 12: Published Harvest and Price Data

This Study Published Data*

Hard Crab Commercial Harvest 53,201,713 19,712,233
Peeler Crab Commercial Harvest 1,919,446 518,770
Hard Crab Exvessel Price Per Pound 51 41

Pecler Crab Exvessel Price Per Pound 2.62 1.73

* Source: Virginia Marine Resources Commission
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Harvest Calculations

Monthly Catch = f(pot days fished, etc.) —->

Monthly Estimated Individual Harvest --—-2>

Annual Estimated Individual Harvest ---->

Annual Estimated Survey Harvest ---->

Annual Estimated Industry Harvest

Figure 8: Harvest Aggregation Procedures
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VIl. What were 1992 Income Levels in the Fishery?

Figure 9 shows the flgw of costs and
revenues that contribute to pet income for the
individual crab potting firm and the crab
potting industry as a whole. Exvessel price is
exogenously determined for the individual
firm, but at the industry level, total barvest
will affect price determination. Total revenue
is equal to exvessel price multiplied by the
amount of crabs harvested, which will be 2
function of fishing effort for the individual
firm, but at the industry level will also be
affected by the blue crab population size.

An important consideration in this fishery
is that these vaxiable inputs are not highly
substitutable within an individual fim, but can
be substituted (10 a certain degree) within the
industry. This inplies that some of the inputs
must be used in a fixed proportion, ie., if a
person decides to fish one more pot then they
must use some amount of additional labor to
fish the pot, a fixed amount of additional bait
to put in the pot, and some amount of
additional fuel to get their boat to the pot.

Fishing a pot more than once a day will not
generally produce more crabs than fishing it
only once a day. The use of more bait per pot
will also not significantly increase returns to
effort. There is some possibility for
substitution berween labor and pots in that a
person may choose 1o fish less pots and extend
the number of days on whick he pots. This
possibility is limited, however, not only by the
closed season on potting, but also by the
seasonal nature of crab landings. Therefore an
individual waterman cannot usually substitute
inputs on a large scale, but must either
contract or expand the size of his operation,
which is best represented by pot days fished.

The substitution of pots for labor is more
possible within the industry as a whole. For
example, if the 1abot supply is limited in the
fishery by regulation, the people who remain
may fish more pots (3¢, €xpand the size of
their operation). This Same effect will occur

if the number of pots per person is limited.
More people will enter the fishery if they find
the opportunity cost of fishing to be
acceptable. This idea will be explored further
as the dynamic implications of the simulation
model are discussed.

Total costs are the sum of fixed costs and
variable costs. Fixed costs are those which
the firm faces whether or not it crabs on a
given day. Variable costs are the COSts of
fishing inputs such as pots, bait, fuel, and
labor. Table 13 is a list of the costs used for
this study, showing the price per umit for
variable costs and the average amount paid for
each fixed cost. The calculation of these CoSts
is given in Appendix A. Depreciation costs
were not included in this study, because the
age of the crabbing vessels ranged s0 greatly
that it was impossible to assign mean value in

. useful life numbers.

Net revenue levels for the crab potting
season were calculated for each firm in the
survey. Because there really is no "average"
firm, income levels are reported in Table 14
as averages for different firm classes, defined
by region and size of operation.



Table 13; Fixed and Variable Costs

Cost:

Variable Costs: Cost per umit:

Pot costs $ 2045 apot

Bait costs $ 10.00 a bushel

Fuel costs $ 0.99 a gallon

Labor Costs $ 4.35 an bour

Misc. Costs $2apot

Fixed Costs: Average cast

Boat Maintenance $ 5006

Engine Maintenance $ 485

Docking Fees $ 158

Boat Insurance $ 100

License Fee $ 48

Table 14: Revenues and Costs by Firm Class

Sector: Total Revenue Total Costs Net Revenue
Small Operator $ 6,965 $ 2,70 $ 4,199
Medium Operator $21,729 $ 8,906 $ 12,823
Large Operator $ 45,428 $ 22,836 $225%
Region 1 potter $ 27,501 $ 13,186 $ 14,316
Region 2 potter $ 23,192 $ 10,126 $ 13,066
Region 3 potter $ 22,678 $ 10,369 $ 12,310
Hard and Peeler $ 26,058 $ 10,516 $ 15,542
Hard Only $ 25,287 $ 12,086 $ 13,201
Peeler Only $ 13,255 $ 4,517 $ 8,738
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VIIl. The Income and Harvest Effects of Alternative Policy Actions

Because the blue crab fishery has been
under much public scrutiny over the last few
years and especially since the "low* harvests
of 1992, many different policy actions have
been discussed. Among these are limiting the
pumber of gear licenses issued, limiting the
pumber of pots an individual can fish, and
timiting the amount of daily catch per person.
This study simulated the harvest and income
effects of these and other policies in an
attempt to find out what their real impact
would be.

More specifically, the harvest-price-income
relationships were modeiled to see if harvest
decreases increased price levels enough to
keep income levels at the same or a higher
level. Also the relationship between a drop in
harvest and variable cost levels was examined
to test whether or not cost decreases could
compensate for jower quantities.

The findings of these simulations are given
below. It is important to pote that while many
of these policies had only small impacts on
income and harvest levels for the fishery as a
whole, there were some rather large
distributional effects among firm classes,
especially among different firm sizes.

Base Case Scenario

Table 15 presents the results for the base
case, the 1992 blue crab fishery in Virginia
with no new policies in effect. Total industry
harvest levels, revenue levels, and cost levels
are shown along with the numbers for the
average crab potting firm. Some important
factors to consider when viewing these
pumbers are: 1) These numbers do oot include
depreciation costs on the crabber’s boat,
engine and truck or transportation costs 1o a
marketing channel, and 2) the harvest numbers
do include Maryland crabbers who pot in
Virginia, but the assumption was made that
these people will sell their catch in Maryland
and have no effect on price, and hence net
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revenue, in Virginia. The average annual net
revenue for a Virginia crab potter is $13,658.
This number includes a large number of part-
time crabbers who may have other sources of
income.

Policy Alternativas

Management policies can either attempt w0
change fishing behavior from the input or the
output side. Limited and delayed entry
schemes, and restrictions on pot use are al}
policies which regulate the use of inputs, be it
labor or gear. Quotas, transferable or mot,
limit the output of a firm. Table 16
summarizes the expected firsr-round effects of
some representative management policies.
These are the effects which will be simulated
over the 1992 season. Both input and output
restrictions will reduce total harvest levels,
increasing prices.

Input restrictions will raise the average
product of effort, by reducing the level of
effort (either labor or gear inputs}. Limited
entry scenarios reduce the number of people in
the fishery, with price and harvest effects that
raise incomes for those left in the fishery.

Pot limits reduce harvest levels for some
firms, increasing prices, thus increasing
revenues for the smaller firms. Limited entry
can be combined with pot limits in order to
teduce both gear and labor inputs. Another
means of limiting inputs is to shorten the
length of the potting season.

Output restrictions tend to reduce input
costs for firms, as they are forced to contract
the scale of their operations. Only individual
quotas with an overall harvest quota policies
will be simulated in this study. Quotas allow
firms to choose how they will reduce their
inputs, either through fishing less pots or by
shortening the length of their potting season
(either fishing fewer months of the year or less
days per week).



A third way to raise industry incomes is by
price increases caused by factors outside of the
harvesting sector, such as wholesale price
increases or declines in the processing margia,
These policies raise everyone's incomes,
without decreasing harvest levels or forcing
people out of the fishery.

The results of the simulations for the
overali average firm and for average firms
within classes are given in Appendix C. For
expasition’s sake, the base case statistics will
be indexed to 100, with ail other policies
shown as a difference from this index of 100.
The next sections present the procedures used
to run policy simulations and some general
results.

Limited Entry. For the purposes of this
simulation a reduction in the number of crab
pot licenses issued was considered an entry
limitation. It was assumed that a limited entry
scheme would be implemented by not allowing
any new people in the fishery, so that all those
who had not renewed their licenses would be
dropped. 22.6 percent of the license-holding
poputation left the fishery after 1989. 15.1
percent of these transients were
noncommercial watermen, while the remaining
7.5 percent were commercial crabbers. These
percentages were used 1o delete the
corresponding percentages from each firm
class, by a random process.

The results of this simulation show that a
22.6 percent drop in the number of people
who held crab pot licenses causes an 11.3
percent drop in total industry harvest levels.
Harvest does not drop as drastically as number
of people because almost three-fourths of those
removed were noncommercial crabbers who
have no effect on markeiable harvest levels.
Net income for the industry declines, but
increases for the average firm, because there
are less people in the fishery.

Pot Limits. One concern of many
crabbers is the presence of large potters in the
Bay who fish as many as 600 pots a day.
There have been complaints that these large
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operators are glutting the market with crabs
and keeping exvessel prices down. Another
concern is that these large potters are making
it difficult for smaller operators to make
living, by taking such a large share of the
harvest.

Three simulations were run with pot limits
set at different levels - 250 pots, 300 pots, and
350 pots. These simulations were
implemented by reducing any firms who fished
over the limit down to the maximum allowable
number of pots. These policies, therefore,
had impacts on the cost and harvest levels of
some individual firms, and because total
harvest levels in the fishery decreased, prices
increased.

None of the pot Jimits managed to raise net
revenues for the average firm, but the 300 pot
limit reduced industry harvest leveis by 6.3
percent and kept net revenue at the same level.
However, as reported below, the median net
revenue values increased from the base case,
indicating a more even disiribution of net
incomes.

Median net income base case - 10,652

Median net income 250 pot limit - 16,972
Median net income 300 pot limit - 10,849
Median net income 350 pot limit - 10,732

Those who benefit most from pot limits are
crabbers in region 2, small operators and those
who peeler pot only. These are the people
who probably did not have to reduce their pot
numbers by much, and hence the only effects
of this policy on their incomes was an increase
in prices paid. Under the 250 pot limit, the
large operator class (those who fish 300 pots
or more a day) was eliminated and all large
crabbers became medium size operators. The
validity of making this assumption is discussed
in the following section om distributional
adjustments.

Another important result 10 emerge from
the pot limits simulations was that Maryland
crabbers, because they tend to fish a large
number of pots (up to 600 a day) lost a



significant portion of their harvest. The
numbers for Maryland harvest levels are
reported below:

Average Percent

Harvest Change
Base case 71,523.97 0
250 pot limit | 50,435.95 | -29.5%
300 pot limit | 58,254.20 | -18.5%
350 pot limit | 62,365.21 | -12.8%

Peeler Pot Limit. This policy limited
peeler potters to 100 pots or less fished per
day. This policy addresses concerns within
the industry that peeler potting is damaging to
the blue crab population because it removes
females who are preparing to spawn. The
results of this simulation show industry harvest
levels declining less than 1 percent and income
declining less than 2 percent. The only license
kolders who are seriously affected by this
policy are those who only peeler pot, and their
harvest levels are reduced 20 percent, with a
9 percent drop in income levels. The average
income of large crabbers goes up by almost 7
percent only because the large crabber class
has been reduced in pumber and is now made
up entirely of hard crabbers, who tend to have
higher income and harvest levels than peeler
potters.

timited Entry Combined with a Pot
Limit. A policy which addresses both
concerns of low income levels and inequity of
distribution could be combining a limited entry
scheme with a set pot limit. This policy was
simulated by first reducing all crab pot
licenses according 1o the limited entry scenario
outlined earlier and then limiting the
remaining people in the fishery to 300 pots.

The results of this simulation were that
average net revenue for the individual firm
increased, but industty met revenue levels
declined along with a sigmificant decrease in
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harvest levels. Income increased most for
small operators, while large operators had a
10 percent decline in harvest levels but no
decline in income. Those in region 2 and
those who only peeler pot also get a 3 to 4
percent increase in net revenue. The median
income level was also higher than the base
case at $ 11,155, which was also higher than
under the pot limit scenarios.

Limited Potting Season. This scenario
was implemented by assuming that potting was
banned in the months of March and
November. This ban affected only hard crab
harvests, because, in this study, no soft crabs
were harvested in these months. Ome
important difference of this policy is that there
are no price effects to compensate for
decreases in harvest levels, since the monthly
hard crab exvessel price is only a function of
landings in that same mounth.

This policy decreased net revenue for all
firm classes, except for those who peeler pot
only, as their harvest, cost, and revenue levels
remain the same. This policy did manage to
achieve a reduction of 7 percent in harvest
levels, however. Incomes declined more for
crabbers in region 1, large operators, and
those who hard crab pot only.

Quota. Quotas, in contrast to the other
policies considered so far, place direct
restrictions on the ocutput (rather than the
inputs) of a firm. If an imposed quota i
lower than a firm's current output level, the
firm has alternative ways to reduce its inputs.
The waterman may choose to fish less pots or
shorten the length of his potting season (either
fishing fewer months of the year or less days
per week).

A individual daily guota was sinulated, as
this is the most likely way a quota would be
implemented in the fishery. A 10 bushel a
day quota for hard crabs was set, which
translates into a 9600 pound quota for a
month. This policy was simulated by reducing
the number of pot days fished in a given



month for all firms which caught over 9600
pounds of hard crabs.

A 10 bushel daily individunal catch limit for
hard crabs was placed on al) firms. With this
simutation, industry barvest levels decline by
almost 20 percent, with individual net revenue
declining only 10 percent on average. Net
revenue for small operators goes up by 4
percent, while those in region 1 and large
operators are affected the most, with a drop in
income of around 20 percent. There were no
effects on peeler potting only firms because
the policy was simutated only for a hard crab
quota. Those who hard crab pot only have an
18 percent decrease in harvest and an Il
percent decrease in net revenue.

Conclusions of the Simulations

The policy simulations looked at the effects
of alternative policy actions on both harvest
and income levels in the fishery. A decline in
total industry harvest levels often causes a
decline in income for the average crab potting
firm. Figure 10 shows the tradeoffs between
harvest and income that occurred under 6
different policy scenarios. The policies
considered were the base case, the 10 percent
reduction in all crab pot licenses, the 300 pot
limit, limited entry combined with a pot limit,
the closed season on potting, and the 10
percent quota reduction, Limited entry
reduces harvest by 10.2 percent and raises
average net revenues by 4.2 percent, while the
pot limit reduces harvest by 6.3 percent and
keeps income at the same level. Both the
quota and the closed season on potting reduce
both harvest levels and average net revenues in
the fishery.

Another important consideration of the
simulation results are the distributional effects
among firm classes. Policies such as quotas
and pot limits tend to decrease incomes for
those with larger operations, who tend to be in
Region 1. A pot limit also tends to reduce the
variance of income {evels within the industry,
addressing concerns of equity as well as those
of overharvesting. A closed season policy
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tends to hurt only hard crabbers, as the peeler
crabbing season is shorter and more dictated
by biological and environmental factors.
Quotas also have a negative income effect on
only hard crab potters, as peeler crab harvest
levels are only Jess than one-fiftieth of total
blue crab harvest levels.

Another important conclusion to be drawn
from the simulations is that the fishery is a
high variable cost industry. Reductions in pot
days fished tend to cause larger decreases in
cost levels than in harvest levels. This is
because as pot days fished decreases, 50 do
fuel, bait, and labor costs, which constitute 2
high portion of the waterman’s total costs.

The effects of Maryland watermen who
crab pot in Virginia waters are also
significant. Maryland crabbers take
approximately § percent of total Virginia blue
crab harvest and average 360 hard crab pots
fished per day. Since it was assumed that
Maryland crabbers do not sell their catch in
Virginia, a 300 pot limit manages to reduce
Maryland harvest levels by 18 percent while
not reducing the average net revenues of crab
potters in Virginia.

.. increases in

- keeps praple




Table 15: Base Case Statistics

Total Industry and Average Potting Firm
Total Industry Average Virginia Firm

Peeler Harvest 2,034,055 Ibs. 4012 tbs.
Hard Crab Harvest 58,665,974 1bs. 38,034 1bs.
Total Harvest 60,700,029 1bs. 35,452 1bs.
Total Revenue $ 37,360,112 $24,272
Total Costs $ 16,337,053 $10,614
Net Revenue $ 21,023,059 $13,658

Table 16: First Round Net Revenue Effects of Alternative Management Policies

POLICY RAISE CHANGE IN INFUT INCREASE IN PRICES
PRODUCTIVITY COSTS PAID
OF EFFORT
Limited policy limits Jabor and for | as long as there is 2o drop in labor will
number of those left in the fishery, input substitution, costs decrease fotal harvest,
gear licenses catch per unit of effort will not chapge for increasing prices
may rise individual firms
Limited policy limits gear inputs Variable costs for some drop m number of pots
pumber of and so caich per unit of firms will decrease as they | used will decrease total
gear units per | effort increases, assuming | are forced to scale down |- harvest, increasing prices
person the limit on pots is set 50 | their operations
that some operations are
forced to use less effort
Limit length of | policy baas effort in Vaniable costs for some drop in effort will
potting season | certain months, and so firtos will decrease as they | decrease total harvest, but
catch per unit of effort are forced to scale down because prices are
increases their openations -monthly, they will not
increase
Daily no direct effact, but Variable costs for some drop in harvest levels will
individual secondary effects will firms will decrease as they { increase prices {assuming
quota {without | depend on the amount of | are forced to scaie down quota levels are below
overall quota) | the limit their operations current levels)
Individuat no direct effect, but Variable costs for some drop in harvest levels will
nogp- secondary effects will firms will decrease as they | incresse prices (assuming
transferable depend on allocation of sre forced to scale down quota is below current
quots (with quotas and size of overall | their opemtions levels)
overall quota) | quota
Product no direct effects no change prices will increase,
promotion either due to lower
and/or processing costs or to
technological higher wholesale and
change in the refail prices being paid
processing
sector
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{X. Real World Issues

The results of the policy simulations given
in the previous section are based on the
assumptions that

® there is 100 percent compliance with new
reguiations, and

¢ there are no dynamic adjustments after new
regulations have been placed

Both of these assumptions are too simplistic
for the real world. This section will examine
these issues and what implications these issues
have for future policy making.

Distributional and Dynamic
Adjustments

One important conciusion to emerge from
the pot limit scenarios is that some watermen
move to a smaller firm class. When a 250 pot
limit is enacted, there is no longer a large-firm
category of potters, as these crabbers are
forced to scale down the size of their
operations. While the simulations of this
study assume that all large crabbers become
medium-sized firms, there is no guarantee of
this.

Many larger operations may find, because
of large fixed costs, that they cannot operate at
reduced levels and they may drop out of the
fishery. This is an important second-round
effect which should be considered by policy-
makers, even though it cannot be modeled in
this study.

Another important factor to consider are
the second-round adjustments made by smaller
operations. (See Appendix B). Suppose a
daily 300 pot limit were put in effect in the
blue crab fishery. Many firms would be
forced to cut back on the scale of their
operations. This would cause harvest levels in
the fishery to drop, increasing exvessel prices.
Incomes for those who had always fished 300

pots or less would increase, due to higher
prices. The opportunity cost of not crab
potting would be higher because the return to
effort of potting would increase due to higher
prices. In effect, the higher exvessel price is
an economic signal to increase effort in the
fishery. Those who were fishing under 300
pots would increase the number of pots they
fish and new people would join the fishery.
After these adjustments, effort could be higher
than it was before the pot limit. The same
round of effects will take place under a daily
quota system,

A similar dynamic effect will occur under
a limited entry scheme. Even though there is
a restriction on the number of people allowed
in the fishery, there is no restriction on the
number of pots a person can fish, and as
people see prices increasing, they will increase
their effort, i.e. fish more pots. A policy
which limits both entry and the number of pots
fished each day will be able 0 more
effectively control effort and barvest, but as
the next section pointes out, these policies
have problems of monitoring, enforcement,
and social acceptance.

Marketing Adjustments

Policies will have effects beyond the
harvesting sector of the fishery. As harvest
levels begin to drop, there will be adjustments
in the processor, wholesale, and retail sectors.
Anecdotal evidence suggests that when
Virginia harvest levels are down, processors
can and will obtain live crabs and/or picked
meat from other states and even from Mexico.
In 1992, one crab processing plant in Virginia
attempted to get approval from the Virginia
Department of Health to import blue crabmeat
from India. The issue has pot yet been
resolved.

These effects are important because they
indicate that there is the possibility of



substitution for Virginia blue crabmeat, which
implies that the increased price effect of
decreased harvest levels may not hold, as the
market adjusts over a period of time.

Monitoring and Enforcement Costs

One of the main problems of real-world
policies are the costs of monitoring and
enforcement. The crab pot fishery in Virginia
encompasses over 2500 people, who crab in
many different rivers and creeks in addition to
the Chesapeake Bay. There are private and
pubiic docks and close to hatf a million pots in
the water. Talks with crabbers and VMRC
personnel indicate that the enforcement of
current regulations in the fishery is
problematic, with only sporadic checks and
inadequate persounel. In the survey, over 80
percent of the respondents agreed that better
enforcement of size and catch limits was
needed in the fishery.

One prodlem with limiting the number of
pots is enforceability. It is rather difficult
(nearly impossible) to monitor how many pots
each waterman is fishing. Unless each gear
uhit is licensed in some way that can be
enforced and monitored, the policy will be
ineffective. How many bushels each
waterman catches may be difficult to
determine if he sells his crabs through more
than one marketing channel or retails them
directly. Monitoring must be done at the dock
rather than at the processing plants to ensure
compliance.

The literamare on enforcement costs has
shown that the nurnber of violations against a
particular law is a function of the following
factors:

e Probability of being caught * penalty for
being caught

e Profits from illegal activity

® Social acceptance of the policy and its
goals

A swudy done by Furlong of fishery law
violations in Canada found that the highest
violation rate out of six different fisheries was
in the offshore crab fishery. The policies
considered in this study for crabs were gear
unit limits and size of catch limits. Furlong
concludes that violations are high in the crab
fishery because, “"monitoring is more costly
and therefore less pronounced.” (Furlong,
1991)

These issues demonstrate that when
deciding what types of policies to implement,
fishery managers must consider how
enforceable the policy is and how much
support there is for such a policy among
watermen, The most easily enforceable
policies considered in this study are limited
entry and a limited potting season.

These policies, however, may have
problems of political palpability. One of the
problems with a limited entry scheme is where
to set the limit on the number of people
allowed in the fishery. If the limit is set only
so that new people camnot obtain a gear
license, then there is no reduction in labor
supply. If the limit is set below the current
level of labor in the fishery, there is the
question of who gets a license. Limited entry
schemes have historically been socially
unacceptable with. regard to the basis for
limiting entry (Rickhus, 1992). However, 4]
percent of the survey respondents agreed
strongly that limits on the number of hard crab
pot licenses issued were needed.

A 1988 publication by the Mid-Atlantic
Fishery Management Council concludes, "If a
regulation cannot be adequately enforced (and
particularly if it is considered unfair), it wili
be widely ignored and ultimately cause
contempt for the system which created it
(MFMC, [988).



Watermen’s Attitudes Toward
Alternative Policy Actions

One important consideration in deciding
what type of policies to implement is the
degree of compliance among those who are
affected. It is necessary, therefore, to
examine the attitudes of the crabbers towards
alternative policy actions. The 1992 survey
gathered much information on this subject, oot
only through specific attitude guestions, but
also by allowing crabbers to express their own
opinions in the final comments section of the
survey. Over 70 percent of the surveys
returned had comments from the watermed on
them and most of these comments related to
policy-making. An analysis of these
comments again suggests that policies must
consider the diverse nature of the fishery. In
general, large operators tend to favor policies
such as limited entry and the removal of part-
time crabbers (those who derive less than 50
percest of their income from potting). Small
operators favor pot limits and quotas, policies
which generally effect only larger operations.
The only policies which all crabbers seemed t0
agree on were limits on the winter dredge
fishery, which would help all potters since it
could increase the price they receive in the end
months of the potting season.

Many non-commercial potters favored a
limited season on crabbing, but not many
commercial potters liked this idea, since they
tend to receive higher prices in March and
April when the crabs are scarce. Many
potters also complained about the Maryland
crabbers who pot in Virginia waters, pointing
out that the Marylanders are large operators
who are "stealing” their harvest., The overall
tone of all the comments, however, was a
consensus that new policies are needed in the
fishery to control harvest and raise prices.
Over 85 percent of crabbers agreed that the
prices they received were too low. Many
crabbers also expressed distrust of the VMRC,
stating that policy decisions were often made
without regard to their effects on the
waterman. These kinds of attitudes do not

bode well for future consent-building in the
fishery.

enforceable
limited entry




X. What Conclusions Emerge from this Study?

An jmportant conclusion to be drawn from
this work is that watermez do pot make much
money from crab potting. The average
income of a medium-sized coramercial crab

for 1992 was $ 12,823, which does oot
include paying for a boat or engine or for

rtation. In contrast, the average annual
income of construction laborers (another job
with significant requirements for physical
staming) in Virginia was $22,522. These
results and this comparison indicate that
income oppottunities in this fishery are quite
limited. If crab population and harvest begin
to fall, exit of effort from the fishery may
follow from these market forces. It is alse
important to recognize that this fishery is not
the major source of income for the majority of
its license holders. Policy impacts on income
will only affect a portion of the waterman’s
total income.

Another important finding of this study is
the characterization of the blue crab fishery.
This fishery was found not to be capital
intensive as some fishery managers and
witermen claim. Instead the majority of
watertuen are small-scale, working from small
boats and fishing fewer than 200 pots and can
easily enter and exit. A small segment, about
15 percent of license-holders are large-scale,
fishing up to 600 pots a day with large boats.
Because of these characteristics, policy actions
teod to have large distributional effects. Pot
limits and quotas tend to decrease incomes for
large operators, but increase them for the
smaller crabbers. Limiting entry tends to
remove the smaller crabbers from the fisbery,
while _ raising incomes for the larger
opetations,

_ The diversity of the fishery is also captured
in the finding of a large non-commercial
sector, almost one-third of crab pot license
holders. There is also a large recreational
Sector, which js not counted among license-
bolders or in published harvest estimates.
Including a1} sectors of the blue crab fishery is

important for gathering accurate data for
policy analysis.

Much has been written about and debated
over in the blue crab fishery, but little in-
depth analysis has been done. This study bas
shown conclusively that there are serious
underreporting problems in the published data
on the blue crab fishery, both in harvest and
price levels. This appears to mainly be due to
the voluntary reporting system that was in
place uotil 1993.

In 1993, a mandatory reporting plan was
put in place for all of Virginia’s fisheries,
whereby each waterman must fill out a daily
record of his catch and the price he receives.
This policy bas generated much rancor among
watermen who feel it is an unnecessary burden
on them. The watermen feel they are not
benefitting at all from this policy. According
to the literature on fishery law violations, this
will 1ead to watermen evading the policy and
providing incorrect information.

This study has provided an alternative and
effective method for gathering data in the
fishery, through a series of monthly surveys.
The survey instrument was well-accepted by
the watermen, with over a 60 percent response
rate and over 75 percent of the responses
providing comments on fisheries policy. If
this type of system were continued over a
period of years, each waterman would be
surveyed once every two years and only asked
to provide a month’s worth of data for his
operation. In the end, this type of sampling,
rather than a full cenmsus, would probably
gather better data, not only because the
information it would provide would be more
complete (marketing channels, characteristics
of the firm), but also because it would
engender support among the watermen who
are the ones who must comply with new
fishery regulations.



Perhaps the most significant finding of this
study is that the current information on the
Virginiz blue crab fishery too often is
incomplete.  Also, it appears that fishery
managers should consider all the effects of
alternative policy actions, including the high
costs of monitoring and enforcement and the
degree of self-compliance needed among the
watermen, in evaluating policy alternatives.
In order to effectively monitor the fishery,
managers need both a better picture of the
effort and harvest into and out of the fishery
and a better understanding of policy impacts
and watermen’s attitudes.
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Appendix A: Explanation of Simulation Models

In order to predict the net income effects of
alternative policy actions, a series of
interactive models were built. These included
price prediction models, physical equations of
the production processes, and cost equations.
The integrated simulation model may be
viewed as a large spreadsheet with many celis,
each of which contribute in some way to the
overal] calculation of net revenue levels for the
individual firm. Figure Al is a schematic

jon of the model, showing all the
individual calculations that go into a firm'’s net
revenue.

Annual net revenue for the firm is equal 1o
total annual revenue less total annual costs.
Total anoual revenue for the crab potting
enterprise is equal to the sum of monthly
revenues, which are the product of monthly
exvessel prices and monthly firm harvest, The
individual firm is a price taker, with exvessel
prices determined by industry harvest levels
and other exogenous factors. Harvest levels
are determined by a combination of inputs,
chief of which are the number of pot days
fished by the firm. Total annual costs are the
sum of monthly variable costs and annual
fixed costs. Variable cost levels are also
dependent on the number of pot days fished
per month, as fuel, bait, and labor costs
increase as pot days fished increases. Fixed
costs are not dependent on input levels, but
must be paid anoually by the firm.

Total Revenue

Hard Crab Prices. Historically studies of
blue crab prices have used a standard demand
function, modelling quantity consumed as a
function of prices and income. Two of these
studies include one dome by the National
Marine Fisheries Service (NMFS) in 1973 for
all crabs and one done by Dressel and
Whitaker in 1982 for blue crabs. The NMFS
Swdy has an exvessel price elasticity of
demand for all types of crabs equal to -.3,

which implies that there is a significant inverse
relationship between quantity consumed of all
crabs (which is generaily equal to quantity
harvested) and exvesse! prices. The Dressel
and Whitaker study had a reail price elasticity
for blue crabs equal to -.6. This finding
demonstrates that there is a significant inverse
relationship between retail blue crab prices and
blue crab consumption. While these studies
are important as indicators of possible
relationships between prices and quantity,
neither one gives any measure of the specific
correlation between blue crab exvessel prices
and quantity harvested. These studies also
suggest that retail price may have a larger
effect on consumption than exvessel price.

One missing element of the abave studies is
the analysis of seasopal variations. Those
studies were based on anouwal rather thap
monthly data. There are seasonal fluctuations
in both landings and prices in the blue crab
industry. This is most important for hard
crabs which have a limited shelf life. Stock
supply, therefore, is dependent on landings.
Prices for hard crabs tend to be lower in the
late summer and early fall, when the harvest
of crabs is at its highest. Figure A2 shows the
seasonal variation in prices and landings for
hard blue crabs in 1990. Soft crab prices are
less variable as they are usually frozen and
have 2 longer shelf life.

One study which did address the question of
seasonality was done by Hudson and Capps in
1984. They estimated a monthly exvesse}
price formation equation for Chesapeake Bay
hard crabs for the period Janvary 1973 to July
1979. Their equation forecasted monthly
exvesse] price as a function of mwonthly
landings, monthly retail and wholesale prices,
and season of the year. Their results indicate
that barvest levels do not have a significant
impact on exvessel price. Their results also
confirm that prices tend to be higher in the
winter and spring and lower in the fall.
Wholesale and retail prices were significant



estimators of exvessel prices, snggesting that
the three sets of prices tend to follow each
other.

The main purpose of the estimated price
equation is to establish the nature of the
relationship between harvest levels and
exvessel price at the processing level, i.¢., will
decreases in harvest levels have a significant
effect on price? Consequently the model be an
inverse demand function, estimating hard crab
exvessel price as a function of landings and
other variables. Because of the seasonal
pature of crab landings and of bhard crab
prices, the equation will be evaluated on a
monthly basis.

An econometric model will be used despite
the fact that Hudson and Capps concluded
"generally speaking, it would appear that
exvessel prices for hard crabs possess strong
time dependencies, and consequently, better
forecasts occur with time-series models than
with econometric models.” The time series
models they recommend are not suited for
testing the effects of alternative management
policies and the harvest effect on price, which
are the foci of this study.

The empirical model for hard crab price
formation has the following form:
PHCex, = B0 + BI(CBL,) + B2(WPHC,) +

B3(JAN) + B4(FEB) + BS(MAR) +

B&APR) + B7MAY) + BBJUN) +

BS(AUG) + BINSER + BII(OCT)

+B12(NOV) + B1XDEC)

Where

PHCex, = exvesse] price of hard blue crabs in month
t {dollars per pound of mest)

CBL, = Chesapeake landings of hard blue crabs in
month t (Maryland and Virginia landings,
10 pound unnits)

WPHC,, = Wholesale price of blue crab meat in month

t {special grade, dollars per pound of meat,
New Yark)
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JAN
FEB
MAR
APR
MAY
JUN
AUG
SEP
ocT
NOV
DEC

monthly dJummy varables
varieble =] for month=t, elsc variable=90

nowonwHnRRhunan

The model was estimated over the period
Janvary 1981 to December 1991, Based on
demand theory and previous studies, the price
offered 1o the watermen is hypothesized to
vary inversely with landings and the sign on
Bl is hypothesized to be negative. The
wholesale price, which represents demand by
retailers, is hypothesized to have a positive
effect on exvessel price, and the sign on B2 is
hypothesized 10 be positive. Because exvessel
prices are assumed to be reflections of the
demand for bard crabs at the processor level,
it is hypothesized that this demand is seasonat.
Demand for crabs will be highest in the
summer. Therefore, the signs on B3 to B7
and Bl10 to BI3 are hypothesized to be
negative, as the demand will be lower in the
winter, spring, and fall as compared with the
base summer month of July. The signs on B8
and B9, which represent the summer months
of June and August wifl be indeterminate, as
they will not vary much from July demand.

The model was estimated as a log-log
function. The results of the regression are
shown in Table Al. These results generally
conform with theoretical expectations. The
only momths that were not sigmificandy
different from July were May, June, and
August. All of the other parameters on the
monthly indicators were negative, indicating
that processor demand peaks in the summer
months. There is also a significant inverse
relationship between exvessel price and
quantity of crabs harvested. The Durbin-
Watson statistic is 1.3, indicaring the preseace
of some serial autocorrelation, but it is not 2
significant problem.



The flexibility of exvessel price in this model
is equal to -.245, indicating that a ten percent
decrease in quantity will cause a 2.45 percent
increase in exvessel price. The wholesale
price elasticity of exvessel price is equal to
‘709, indicating that a ten percent increase in
wholesale price will cause a 7.1 increase in
exvessel price.

Table AZ reports the intercept variables for
each month, These were obtained by adding
the parameter estimates on the monthly
variables 1o the intercept term. From these
results, it appears that, all other factors equal,
the prices offered for hard blue crabs is lowest
in December, followed by March and
February. Processor price offers are highest
in the months of May through August,
followed by April and September.

Production Processas

Production processes were modeled using
monthly data from the surveys, with the
number of pot days fished in the month
hypothesized to be the main factor influencing
harvest levels for a firm in that month. Other
variables which were hypothesized to have
influence included vessel length, years of
crabbing experience, crabbing region, and
season of the year.

Hard Crab Effort-Yield Function

A monthly fog-log effort-yield function was
estimated using data obtained in the 1992
monthly survey of crab potters for the months
of March through November. A log-log
function was used because there are
diminishing returns to effort in the fishery.
The number of bushels of hard crabs caught in
a month was a function of hard crab pot days
fished in the month, vessel leagth, crabbing
region, years of crabbing experience, and
season of the year. Initial runs of the model
showed crabbing region and years of crabbing
experience to be insipgnificant, and
consequently these variables were not used in
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the final model. The results are summarized
in Table A3. Fall was the only significant
seasonal indicator, with catch levels higher in
September, October, and November than in
the rest of the months. In a sense, this
variable captures some of the biology of the
fishery, as blue crab stocks are thought to be
highest in the fall months. Pot days fished
was a significant estimator of monthly harvest,
with a ten percent increase in pot days fished
causing an 8.16 percent increase in harvest
levels. Vessel length was also significant,
with larger vessels catching more crabs. The
adjusted R-squared was .74, indicating that
harvest variation is well explained by the
model variables.

Soft Crab Effort-Yield Function

A monthly effort-yield function for peeler
crabs was estimated for the months of April
through September’. Again, the model was a
log-log function, with monthly peeler crab
harvest a function of peeler pot days fished in
the month, vessel length, years of crabbing
experience, crabbing region, and season of the
year. Vessel length and season of the year
were not insignificant in initial runs of the
model, and consequently were dropped from
the final form of the model.

The results of the model are shown in Table
A4. The signs on the parameters of the region
dummy variables indicate that people in
Region 2 and Region 3 tend to catch more
than those on the Eastern Shore. This may be
because of biological factors, with warmer
waters in Region 3 and the bottom part of
Region 2 and also the fact that soft crabs tend
to migrate southward, with large runs in May
and August. Crabbing experience was also
significant, with those having more experieace
having higher harvest levels. A 10 percent
increase in peeler pot days fished will cause a
4.3 percent increase in monthly pesier crab
catch. The adjusted R-squared was 4334,
indicating that about half of the variation in
harvest is explained by the model variables.



Total Costs

Most variable costs were calculated on a
monthly basis, dependent on whether or not a
firm potted in that month. Fixed costs were
calculated on an annual basis, as these costs
are faced by the firm whether or not it crab

pots at all,

Variable Costs

Pot Costs. To calculate annual pot costs
for both hard crab pots and peeler pots, it was
determined that pots are replaced
approximately every 18 months and that 10
percent of pots must be replaced during the
sezson, due to being lost, cut, or stolen.
Therefore, for each pot bought, an additional
one-tenth of a pot must also be paid for. The
cost of getting a pot into the water (adding
rope, buoys, and zinc anodes) was estimated at
$18.50. The foilowing equation was added to
the spreadsheet model to calculate a firm’s
anmal pot costs:

Potcosts = [{oumber of pots fished) * ($18.50 +
$1.85)] /18 * mouths fished

Hard Crab Bait Costs. The survey
responses indicated very litile variation in the
use of bait per pot over all months. Bait costs
were estimated for frozen menhaden, which is
the most commonly used form of hard crab
bait used in Virginia. An average price of $10
a bushel was used, obtained in a telephone
survey of selected watermen. Therefore, the
average of cost of bait per pot was used to
calculate each respondent’s bait use for each
month. The following equation was added to
the spreadsheet model to calculate the firm’s
bait costs for each month in which it hard crab

potted:

Bait costs,=,0185727 * (Hard pot days fished), * $10
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Pesler Crab Bait Costs. Peeler pots are
usually baited cnly during the large peeler
runs in May and August. They are baited
with a large male crab to attract females who
are preparing to moult. The average weight of
a hard crab was estimated at .75 pounds and
forty pounds in a bushel of crabs. The price
the peeler crab pays for a bushel of hard crabs
was estimated at $10, which was the average
reported in a telephope survey of crabbers. In
the spreadsheet, the following formmla was
used to predict bait costs for firms which
peeler potted in May and August:

Baiwcost, = [(Peeler pot days fished), * .75] /40 * 10

Fuel Costs. The first step in estimating fuel
costs was to determine the time of each
respondent’s daily run to fish his pots.
Because this information was reported oniy for
those respondents who filled out Part TI of the
survey, a function was estimated so that hours
for crabbing run could be simufated for each
survey. The main estimator of hours of
crabbing run was hypothesized to be mumber
of pots fished, with other possible estimators
being crew hired and month of the year.

Separate functions were estimated for hard
crab and peeler crab runs. These functions
are summarized in Table A5. The equations
were estimated as linear functions. Hours for
a hard crabbing run were a positive function
of number of hard crab pots fished and an
inverse function of number of crew hired.

The number of crew hired for each firm is
explained in the next section. The adjusted R-
squared for this function was .54, For peeler
crab operations, run time was a function of
sumber of peeler pots fished. The adjusted R-
squared was 3052.

The average price of fuel for 1992 in Eastern
Virginia was $.99, an average obtained in a
telephone survey of crabbers. The following
equations were added to the spreadshest model
to calculate a firm's monthly fuel costs:



Hard crab run hours = 2.820677 + .016336 *
hard pots fished per day - .593276 *
aumber of crew hired

where crew hired is explained in section 4.415

Peeler crab run hours = 2.908216 + 011077 *
peeler pots fished per day

Fuel costs == Run hours * gph *
{pot days fished), *.9%

where gph = gallons of fuel used per hour,
answered by ail survey respondents

Labor Costs. The amount of labor hired by
each respondent was determined by the
nember of pots they fished. For bard crab
operators, the following distribution was used:

< 250 pots fished per day - no labor hired
250 to 349 pots - 1/2 person
350 or more - 1 person

For pecler crab operators the distribution
Wis:

over 300 pots fished per day - 1 person

An average wage rate of $4.35 an hour was
used as the cost of labor. The following
formula was added to the spreadsheet model to
calculate total labor hours used in a given
month:

Total hours, = Amount of labor *
rup bours * (pot days fished),

Miscellaneous Costs. Additional variable
costs faced by the crab potter, which were not
asked for in the survey, include costs for ice
for both bait and the crabs, costs of barrels
and baskets to keep the harvested crabs in,
and equipment costs such as gioves and boots.
These costs were assutmed to be higher for
those who fish large numbers of pots per day.
The following costs were added to the
spreadsheet 10 cover miscellaneous expenses:

Miscellaneous costs =
$2 x number of pots fished per day

Fixed Costs

All of the fixed costs calculated in the
budgets, with the exception of license fees
which were already known, were directly
reported by all survey respondents. Each
respondent provided their annual outlays on
maintenance and repairs on their boat and
engine, on boat insurance, and on docking
fees. Each respondent also provided what
percent of their income was derived from
other fishing. The following formulas were
added to the spreadsheet model to calculate
each firm’s annual fixed costs:

Docking fees = Total annual docking fees *

(1 - INCFISH)
Boat insurance = Total annua) boat insurance *
(1 - INCFISH)
Engine Maintenance = Total annual engioe main. *
(1 - INCFISH)
Boat Maintenance = Total annual boat main. *
(1 - INCFISH)
where INCFISH = percent of income

derived from fishing act
ivities other than c¢rab
potting

The cost of a crab pot license in 1992 was
$48.00.

Net Revenue

Net revenue for each survey respondent was
found by adding variable and fixed costs and
subtracting this amount from their total
revenue. Revenue, cost, and harvest variables
for the Virginia blue crab pot industry were
found by summing over all survey
observations and aggregating from the sample
to the industry, given the already known
information that the sample was representative
of the population. There were 299
commercial crab potters in the whole sample
of 490, which represented 61 percent of the
sample, and hence 61 percent of the license-



holding population of 2550.

Therefore an

aggregation factor of 5.2 was used. Non-
commercial crabbers, which represented 32
percent of the population, were assumed to not
sell any of their catch, and therefore, their
harvest levels were not included in the harvest
levels which fed into the price equations,

Table Al: Log-Log Mode! of Hard Crab Exvessel Prices

Dependent variable = log(exvessel price),

Variable
Intercept
Log (WPHC)
Log (CBL)
JAN

FEB

MAR
AFR
MAY
JUN

AUG

SEP

oCT
NOV
DEC

Parameter Estimate

3.48547
709460
-.245482
-.666554
- 716764
-.832313
-.283713
-.020727
095942
-.0828%)
-.362773
-.574558
-.674288
-.895759%

P-Value

1-Squared = .8360
Adjusted r-Squared = .8142

D-W statistic = 1.3

A6




Table A2: Intercept Variables for Each Month

Month Intercept
January 2.82
February 2.77
March 2.65
April 3.20
May 3.48
June 3.48
July 3.48 |
August 3.48
September 3.12
October 2.91
November 2.81
December 2.59

Table A3: Log-Log Monthly Hard Crab Production Function

Dependent variable: Log (bushels of hard crabs),

|

Variable Parameter Estimate P-value
Intercept -3.640389% .0001
Log (pot days fished), 316460 0001
Log (vessel length) 505752 0059
Fall* 434556 0279

*Fall = 1 for September, October, and November = O for all other months

R-squared = .7608

Adjusted R-squared = 7554
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Table A4: Log-Log Peecler Crab Production Function

Dependent variable: Log (bushels peeler crabs),

Variable Parameter Estimate P-value
Intercept -1.09387 3395
Log (pot days fished) 432389 0014
Log (experience) .229239 0969
Region 2 .383893 001
Region 3 1.266357 0023
R-squared = .5239
Adjusted R-squared = .4534
Table AS: Crabbing Run Hours for Peeler and Hard Crabs
Hard crab run:
Dependent variable = hours of hard crabbingrun

Variable Parameter F-sﬁmte P-value
Intercept 2.820677 .0001
Hard pots fished 016336 0001

§ Crew hired -.593276 .0887

R-squared = _5498
Adjusted R-sguared = .5416
Peeler crab run:
Dependent variable = hours of peeler crabbing run

Variable Parameter Estimate P-value
Intercept 2.908216 .0001
Peeler pots fished 011077 L0001
R-squared - .3391

Adjusted R-squared = 3052
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Figure A1: Revenue Flows for the Blue Crab Fishery
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Prices, 1990

Source: National Marine Fisheries Service

A9



Appendix B: Dynamic Effects of Altemative Policy Actions

This appendix looks at the second-round
effects of input and output restrictions.
Although these effects could not be modelled
for this study since they will take place over a
period of years, it is important to realize the
long-term effects of management policies,

input Restrictions

Limited entry reduces labor supply in the
fishery. This raises the average product of
effort for those left in the fishery. This result,
however, assumes that those Jeft in the fishery
do not increase the scale of their operations,
ie. fish more pots. There may, however, be
no increase in net revenues if the people left in
the fishery increase the number of pots they
fish to the point where effort rises back to the
initial level. People will be motivated ¢o fish
more pots if they see that their average
product of effort is increasing (as there are
more crabs to be caught in a fewer number of
pots) or if they see the prices they are
receiving increase,

These flows are shown inm figure BIl.
Initially effort is at E1 in panel A. When
limited entry is impiemented, the ES curve
shifts in to ES2, as effort supply is decreased.
This causes effort to fall to E2, which in turn
causes harvest to drop from H1 to H2 in panel
B. This canses an increase in the price from
P1to P2 in panel C. This price increase will
shift the average revenue curve outward and
thus increase effort to a new level, say E3 in
panel D. E3 may be less than, equal to, or
more than the original leve!l of effort El.
There is no guarantee, therefore, that this
policy can cause a drop in total effort. There
is also no evidence that watermen's incomes
will increase in the Jong-run. Initially,
watermen will have higher incomes due to the
price increase, but if they increase their effort
{and thes mcrease both costs and harvest level)
their income may not stay at the higher level.
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A second means of controlling inputs that
was simulated was a limit on the number of
pots a person can fish each day.
Theoretically, this reduces the level of effort
(if the limit is set so that some watermen must
scale down their operations) and increases the
average product of effort. There may also be
some loss of labor in the fishery, because
larger operators may no longer find it
profitable to continue potting at the Jower level
of effort. This decrease of labor supply,
however, was not simulated for this study.

There is, however, nothing to prevent new
people from entering the fishery and fishing
any number of pots up to the limit or for
people who are currently fishing below the pot
limit to increase the scale of their operations.
This may occur because as the average
product of effort increases, along with prices,
the opportunity cost of fishing is lower and
people will find it'more attractive to crab pot
than to do something else.

The main problems with policies that attempt
to control the input side of the fishery is that
they are generally limiting only one factor of
effort for an individual fisherman and casnot
control for sebstinrtion of effort factors within
the industry. A policy which limits both eatry
and pot use is more effective in controlling
effort. The next section outlines the dynamic
effects of output restrictions and presents
alternative methods for implementing quotas in
the fishery.

Output Restrictions

Quotas are the main method use to control
output within a fishery. They increase net
revenue by reducing barvest and thus
increasing prices paid to the watermen. Three
types of quotas will be considered for the blue
crab fishery - am individual daily quota with
0o overall fishery quota, an individual quota
with an overall fishery quota, and a



transferable individual quota with an overall
fishery quots. This study modeled only an
individual quota without an overall fishery
quota (10 bushel limit a day).

The first policy is one that has already been
suggested for the blue crab fishery - that each
waterman is limited to catching a certain
pumber of busheis of crabs per day. While
this may reduce the output of an individual
firm, there is no guarantee that output for the
industry will decrease, as people are free to
enter the fisbery, which they will be motivated
to do if exvessel prices increase. This is not
really a quota regulation because there is 0o
cap on overall harvest levels in the fishery.
This policy may distribute catch more evealy
among watermoen (like a pot limit), but it is
oot a revenue increasing policy for the fishery
as a whotle.

An individual quota which is based on an
overall quota for the fishery does put a cap on
total harvest levels for the industry and is the
only one of the policies which has the ability
to directly increase prices, assuming that
harvest levels are set at lower than current
levels. A quota system of this type would
allocate either a certain number of bushels to
each license holder or a certain percentage of
the aljowable harvest. Because there is a limit
on total harvest, there is a Jimit on the number
of people who can be allocated a portion of
this catch. In this way, quotas are able to
control for the problems of open access.

The idea of wansferable versus non-
transferable quotas is 2 question of firm-level
efficiency. If firms are forced to catch a
certain institutionally determined amount, it is
possibie they will be forced to operate at a
point that is cost inefficient, ie., not at the
minimum point on the average cost curve.
Transferability of quotas allows firms to trade
quota amounts so that they are at a more cost
efficient level. A simple example will
demonstrate this potnt. Suppose a TAH of
10,000 bushels is established for the industry
and quotas are distributed in 100 units
increments to 10 firms, so that each firm
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receives a 1000 bushel quota for the season.

Figure B2 shows the cost structures for firms
1 and 2. Each firm faces a horizontal
marginal revenue curve (MR) because effort at
the firm level cannot effect price. Firm 1's
marginal cost for harvesting 1000 bushels is
above jts marginal revenue, while firm 2’s
marginal cost for harvesting 1000 bushels is
below its marginal revenue. Both firms are
better off, if fim 1 purchases 1 quota unit
(100 bushels) from firm 2, as long as firm 1
pays firm 2 less for the quota than firm 1 will
make off of the extra harvest. The price of
the quota will be determined by opportunity
and transactions costs. After the trade both
firms are operating "efficiently”.

Another important consequence of this type
of policy is that it motivates producers to find
new technologies that lower the real cost of
producing effort. As firms become more
efficient, the industry as a whole becomes
more efficient, and it is possible that industry
effort will be closer to the sole owner rather
than the open access equilibrium. Rents, to
the people left in the fishery, will have
increased, thus increasing individual net
revenues.

The distribution of quotas is often a
controversial subject. If they are to be
transferable, then distribution is not so much
of a problem, but if they are non-transferable,
there are questions of both equity and
efficiency to be addressed.  Also, the
establishment of an overall quota for the
fishery is dependent on accurate data on
population dynamics, the relationship between
harvest and stock size, and the variability of
the stock size.
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Appendix C: Policy Simulation Results

The following pages present the policy
simulation results for the following firm

classes:

TH - Average hard and peeler crab harvest
TR - Average Total Revenue
TC - Average Total Costs
NR - Average Net Revenue

S = small operators, those who fish a total
of less than 100 pots
M = medium operators, those who fish
between 100 and 299 pots
L = large operators, those who fish 300 or

HP = hard and peeler potting operations

oo

R1

&
"

R3

= hard crab pot only operations
= peeler pot only operations

see region 1 classification in Text
see region 2 classification in Text
see region 3 classification in Text

Statistics are first presented for the industry as
a whole and for the average firm.
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more pots
1. Limited Entry removing transieat watermen —

Ind. Avg, L3 M L HFP H P R1 R2 R
TH £8.7 100.3 piki] 100.2 101.3 929 100.5 102.9 101.4 101.1 | 965
TR | 91.2 1018 1044 | 1013 | 1028 96.9 | 1031 103 1028 | 1029 | 98.0
TC | 894 | 998 102.2 | 1003 | 1004 922 } 100.6 104.4 100.6 | 1020 | 93.8
NR | 92.5 103.4 105.8 | 102.0 | 105.0 99.9 105.3 102.8 104.5 1035 | 101.4

2. 250 pot Limit

Ind Avg | S M L HP H P R1 R R3
TH 817 89S 100 124.4 N/A 92.3 837 96.9 80.6 | 93.7 91.4
™= 927 927 1019 127 N/A 958 9.3 94.9 850 | 96.6 9.6
TC 86.5 86.5 100 128.6 N/A 9.4 856 ga.1 T3 | 97 88.6
NR 97.5 97.5 103.2 189 N/A 9.7 96.3 101.0 | 91.5 100.2 9.3

A
3. M0 pot Limit
[

Ind Avg |8 M L HP H P Rl |R2 R3
TH | 93.7 | 950 | 100 100 89.9 | 964 946 | 984 887 | 8.2 95.5
TR 96.5 96.5 100.9 101.1 91.6 | 98.1 95.9 | 98.4 913 | 995 7.1
TC 928 928 100 100 86.5 | 942 92.5 | 91.7 858 | 97.0 93.7
NR 9.4 994 101.5 101 .8 96.5 | 1005 | 988 | 101.4 | 959 | 101.3 99.8



4. 350 pot limit
-

Ind. Avg. | § M L HP H | 4 Ri R2 R3
T™ | 971 93.1 100 100 96.2 98.0 98.2 9.1 %4.7 | 100 98.4
™ 98.7 98.7 100.3 100.4 96.9 988 98.6 99.1 957 | 1004 989
TC 97.6 7.6 100 100 95.6 96.6 93.1 93.6 937 | 100 98.3
NR 99.5 29.5 100.5 100.6 98.1 100.1 9.1 101.6 975 100.7 99.4

5. 100 Peeler Pot Limit

Ind. Avg. | § M L HP H P R1 Rz R3
TH 99.3 99.3 100 96.2 1i13.9 978 100 .7 982 | 998 | 999
TR 97.3 97.3 100 97.5 107.1 | 93.2 100 ».7 931 | 9.1 | 6
TC 95.9 959 100 96.0 107.5 | 8.5 100 57.8% 8.8 1994 ]| 99.7
NR | 985 98.5 100 986 106.8 | 96.3 100 50.9 9.1 | 98.9 | 995

6. Limited entry and 300 pot Hmit

ind. Avg. s M L HP H P R1 R2 R3
TH 831 85.3 1630 | 1002 920.9 9.8 95.0 101.1 899 | 99.2 927
TR 88.0 98.3 105.3 | 1025 | 93.9 95.9 988 101.5 | 935 [ 1022 | 956
TC 3.0 92.7 102.2 | 1003 86.6 823 92.9 95.1 '86.2 9.8 88.4
NR | 919 102.6 | 107.3 | 1039 100.8 | 100.7 | 1038 | 1044 [ 9.7 | 148 1013

7. No potting in March and Novenber

Ind. Avg. | 8 M L HP H P Rl |R2 R3
TH 929 2% 96.6 93.7 919 | 916 93.2 100 915 | %4 925
R 94.5 94.5 91.7 95.0 934 | 946 94.0 100 93.7 | 95.1 | 94.1
TC 96.1 96.1 98.1 96.5 955 { 95.7 959 100 95.7 | 965 | 955
NR ] 932 93.2 97.4 94.0 1.5 | 940 923 100 919 | %40 | 929

8. 10 bushel s day fimit

Ind. Avg. | S M L HP H P R1 R R3
TH § 818 | 833 100 94.6 748 815 82.1 100 75 813 | 849
R 89.2 89.2 1026 | 993 821 98 874 100 82 93 %06
™ 38.5 88.5 100 96.8 81.4 9.2 86.3 100 8438 | 91 885
NR 90.1 90.1 1043 | 100.9 82.7 _96.4 88.7 100 TI8 | 949 | 928
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Appendix D: Sampling Procedures and Response Rates

This section outlines the procedures used
to sample the crab pot Jicense bolders in 1992.
The response results of the 1991 entry/exit
survey were used to determine the sampling
procedure for the 1992 survey. Only those
who held crab pot licenses in 1990 were
considered for sampling, a total of 2550
people.? 583 people who fit this criteria
responded to the 1991 survey. These people,
because they had responded to ome survey
were removed from the complete census and
marked as the first list. These 533 people
were tested for representativeness of the
population of license holders using Chi-Square
tests. The only population characteristics
gvailable for all crab potters are age and
county of residence. The sample taken in the
1991 survey was found not to be significantly
different from the overall population in either
characteristic. Therefore there was no age or
location bias in this sample. If any other bias
existed, it could not be detected. Those who
did not respond to the 1991 survey were
removed from the list, as they would probably
not respond to a second survey.  After
removing those from the fist who were know
to be deceasad or had moved out of state,
there were approximately 1250 people on the
list who had not been previously surveyed.
This 1250 comprised the second list.

A tota]l of 1204 people were surveyed
over the season. Because there were seven
periods to be surveyed, 172 people were
surveyed each period. These 172 people were
drawn from two lists. The first list was the
583 peaple who had responded in 1991. Each
period, 83 or B84 of these people were
surveyed. These people were mot drawn
randomly, bowever. Oue of the questions on
the 1991 survey asked the respondents in
which months they usually crab potted. The
list was divided over the months so that each
person received a survey in a month in which
they normally crab potted. This procedure
assured a higher response rate for Part I of
the survey than might otherwise occur. The

remaining 87 or B3 people were drawn
randomly from the previously unsurveyed
license holders, using 2 random number
generator.

Thbe Diliman (1978) method was used in
mailing the surveys. This method has three
steps. First a questionnaire and cover letter
were seut. A cover letter emphasizing the
importance of the survey to fisheries policy
was sent, and those on the first list (see below)
were also sent the results of the fall 1991
survey.

Then in two weeks a reminder postcard
was sent to those who had pot responded.
Two weeks later a second letter is sent as well
as another copy of the survey form. In this
survey, two different cover letters were sent
with the first mailing. One letter was sent to
those who had responded to the 1991 survey,
thanking them for their response. The other
letter, sent to those who had not received a
survey in 1991, did not include the first
paragraph of the other letter. For the
October/November survey, o postcards were
sent. All of the cover letters, the postcard, and
the survey instrument are shown in Appendix
A. The survey instrument is shown for the
month of August.

The response rates for each period are
shown in Table D1, 1204 surveys were
mailed, 36 of which were undeliverable. The
overall response rate for the survey was 62
percent. A total of 720 surveys were
returned. Of this number, 490 were usable
sarveys, as 2 number of surveys were returned
by those who did not crab pot in 1992 and

some surveys contained incomplete
information.’
The survey data was tested for

representativeness of the crab pot license-
holding population by performing Chi-square
tests on the two statistics that were known for
the population - age and county of residence.



The results of these tests are shown in Table
1. The Chi-Square statistics indicated no
difference between the sample and the
population, and therefore the sample will be
considered representative of the population.

Table DI: Response rates for 1992 Survey of Crab Polters

Period Number of Response
Responses Rate
{(Percent)

March/April 97 58

May 95 57

June 103 62

July 113 68

August 110 66

September 115 9
L Qctober/November 87 52
 Representativeness of Survey Responses

Chi-S Statistic
Age 108

County of residence 545
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Appendix E: Survey Instruments and Cover Letters



Survey 1 : Entry/Exit
Survey Instrument:
The first 11 questions are for 1990 (or 1989).

1. In 1990, what else did you fish for?
Oysters Finfish Clams Other

2. How would you describe your off waser employment in 19907

held another job in addition to commercial fishing
____ retired

_ student
____ unemployed
3. In 1990, how much of your apnual income was earned from commercial fishing?
__ less than 50 percent
____50-75 percent
______ more than 75 percent
4. Which of the following describes your crabbing activity in 19607
I was a crew member on someone else’s boat.
(if you were a crew member you need mot answer any
additional questions. Thank you for returning the survey)
___ Toperated my own crab boat.
____Yoperated my own boat and was a crew member on another boat.

S. Fill in the information about the vessel you used for crabbing in 1990.

a. the length of the vessel was ___ feet

b. the age of the vessel was ___ years

¢. the age of the engine was ___ years

d. theengine was __ inboard __ outboard (check one)

§. Circle the months that you crab potted in 1990.
Mar Apr May Jun Jul Aug Sep Oct Nov
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4. Whea you fished peeler pots in 1990, about how many pots did you normally set out?
—Pots
I did not fish for peelers in 1990 (skip to question 9)

8. When you fished peeler pots, how many days per week did you normally fish?
days per week

9. When you fished for hard crabs in 1990, about how many pots did you normally set out?

____pots
I did not fish for hard crabs in 1990 (skip to question 12)

10. When you fished for hard crabs, how many days per week did you normally fish?
days per week

11. In 1990, what percent of your hard crab catch did you sell to picking houses?
__ percent
Now we want to ask questions about 1991 (this year).
12. Did you purchase a Virginia crab pot license for 19917
yes (skip to question 14)

g

|

13. What was the most impertant reason you are not crabbing this year?
{Check only one and then skip to question 15)

I have 2 fulltime job off the water.

1 cannot make enough money in crabbing.
1 have boat/motor problems.

The work is too difficult for me.

Other {write in)

L
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14. What is the most important T¢ason you decided to continue crabbing in 1991 (check only one.}

It is a tradition. 1 have crabbed for many years.

1 made a good income last year.
Other (write in)

15. Do you plan to buy a license for 1992 {pext year) ?

____yes  BO
16. How old are you? _____ years.
17. How many years of crabbing experience do you have? ____years
Thank you for your time.

Return to; Leonard Shabman
Department of Agricultural Economics
Virginia Tech
Blacksburg, VA 24061-0401
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SURVEY 2: 1992 PROFILE OF THE FISHERY
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Joe Crabber
123 Pot Lane
Chesapeake, VA

Dear Joe Crabber,

In the fall of 1991, we conducted a survey of crab potters in Virginia. We appreciated your
response to that survey, and we have enclosed a copy of the results. As part of our ongoing effort
to develop a comprehensive understanding of the blue crab industry, we hope you would be willing
to complete one other survey.

Protecting the Chesapeake Bay blue crab is vital for Virginia's watermen and the state. In the
1992 session, the General Assembly passed measures calling for mandatory reporting from ali
commercial fishermen and giving VMRC the authority to implement delayed or limited entry in some
fisheries.

The Department of Agricultural Economics at Virginia Tech, with support from the Virginia Sea
Grant Program, is preparing an important report on the economics of the Virginia blue crab fishery.
We will be determining how the General Assembly bills and other policies might effect your income
as 2 waterman. The main beneficiary of our work will be you, a crab potter in Virginia.

This survey is divided into two parts. Part 1, in blue, contains ge:ieral questions for everyone
to answer. You need only answer Part II (green) if you hard crab or peeler crab potted in the month
of September. If you did not crab pot in this month, please return the survey, leaving Part I blank.

Thank you for your time and assistance. Please return the survey in the postage paid envelope
we have provided. If you have any questions about the survey, please feel free to call Anne Giuranna

at (703) 552-5521. If you would Tike a copy of the survey results, please check the box on the back
of the survey.

Sincerely,

Anne Giuranna
Project Manager

E6



Joe Crabber
123 Pot Lane
Chesapeake, VA

Dear Joe Crabber,

Protecting the Chesapeake Bay blue crab is vital for Virginia’s watermen and the state. In the
1992 session, the General Assembly passed measures calling for mandatory reporting from all
commercial fishermen and giving VMRC the authority to implement delayed or limited entry in some
fisheries.

The Department of Agricultural Economics at Virginia Tech, with support from the Virginia Sea
Grant Program, is preparing an important report on the economics of the Virginia blue crab fishery.
We will be determining how the General Assembly bitls and other policies might effect your income
as 2 witerman. The main beneficiary of our work will be you, 2 crab potter in Virginia.

This survey is divided into two parts. Partl, in blue, contains general questions for everyone
to answer. You need only answer Part II {green) if you hard crab or peeler crab potted in the month
of September. If you did not crab pot in this month, please return the survey, leaving Part 11 blank.

Thank you for your time and assistance. Please return the survey in the postage paid envelope
we have provided. If you have any questions about the survey, please feel free to call Anne Giuranna

at (703) 552-5521. If you would like a copy of the survey resuits, please check the box on the back
of the survey.

Sincerely,

Anne Giuranna
Project Manager
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Dear Survey Correspondent,

Two weeks ago a survey was sent to you about your crabbing activities during 1992.

If you have already returned the survey, please accept our thanks. If not, we would appreciate you
returning it today. Your response is vital to policy-making in the blue crab fishery. If you have any

questions, please feel free to call Anne Giuranna at (703) 552-5521. You may call coliect.

If you did not receive a survey or it has been misplaced, you will receive another one in about 2
weeks.,

Thanks again for your help.
Sincerely,

Anne Giuranna
Project Manager
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Joe Crabber
123 Pot Lane
Chesapeake, VA 12345

Dear Jot Crabber,

About four weeks ago, we seat you a survey about crab potting in Virginia. As of today, we
have ot received your completed questionnaire. We are writing to you again because your response
is important to us as we try 10 discover how fishery policies will affect your income as a waterman.

We assure complete confidentiality. The return survey has an identification number on it for
mailing purposes only. All responses to the survey will be aggregated, so that only averages for all
ceab potters will be reported.

This survey is divided into two parts. Part 1, in blue, contains general questions for everyone
to answer. You need only answer Part IT (green) if you bard crab or peeler crab potied in the month
of September. If you did not crab pot in this month, please return the survey, leaving Part Il blank.
Feel free to make any comments you have about the fishery on the last page of the survey.

In the event your survey has been misplaced, a replacement copy. is enclosed. If you have
already completed the survey and returned it, piease accept our thanks. If not, we would appreciate
you returning it to us today. Again, thank you for your time and assistance. If you have any
questions about the study or survey, please feel free to call Anne Giuranna at (703) 552-5521. You
may call collect.

Sincerely,

Anne Giuranna
Project Manager
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D IF YOU DO NoT HAVE A CRAB POT LICENBE OR
DO NOT PLAN TO BUY ONB rOR 1992,

PLEASE CHECK THIS BOX AND RETURM BURVEY

VIRGINIA TECH
1992 SURVEY OF
CLRAB POTTEDLS

IN THE CHESADEAKE
| DAY




PART I

GENERAL SURVEY

Currently Virginia is considering a mandamry reporting program and a new license fee system
for commercial watermen. Other proposals 1o protect the fishery may be made. By responding
10 the following statements, you Can eXpress your thoughts about some of these proposals.

Please indicate whether you agree or disagree with the following statements:

Agree Disagree
Agree Somewhat Somewhat  Disagree

There should be a fimit on

the number of crab pot 1 2 3 4
licenses issued for hard

crabs

There should be & limit on

the number of crab pot 1 2 3 4
licenses issued for peeler

crabs

There should be better

enforcement of size and 1 2 3 4
catch limits

I am concerned about the

winter dredge fishery in 1 2 3 4
Virginia

Watermen do not receive

fair prices for their catch 1 2 3 4

Most crabbers would be
willing to report their daily 1 2 3 4
catch to the VMRC

Most crabbers would be

willing to provide price and 1 2 3 4
cost information for their

business 10 the VMRC
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Now we would like to know about the boat you use for crabbing:
Age of vessel ____ years
Length of vessel___feet
Age of engine____years Type of engine(circle one)
Inboard Qutboard In/Out

Type of fuel
(circle one)

Gas Diesel
Estimated fuel use per hour gallons
In order to accurately represent the costs watermen face when trying to earn 2 living from

crabbing, we would like you o give your best estimate for the following questions.

How much do you pay for boat insurance in a year? §
How much do you pay in docking fees in a year? §

How much do you pay for maintenance and repairs in a year?
Engine §
Boat$_
Do you do this work yourself? (circle one)
yes no
Do you own a truck specifically for use in your crabbing operation? (circle one)
yes no (if no, skip to question ’))
Age of truck years
Mileage miles

Percent of mileage each year for your crabbing business
_percent
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Now we would like to know more about you:

10.

12,

13.

14.

14,

How many years of crabbing experience do you have?

In what county do you live?

In what county is your vessel docked?

Howold areyou? ___ years

a. 'What percent of your income comes from crab potting?

b. What percent of your income cOmes from other fishing?

How many of the following do you normally fish per day? (please write in a number)
____Dbeclerpots
___ hard crab pots
On average, how many days per week do you do the following?
hard crab pot ___ days per week
peeler pot _____ days per week
Please check each month in which you will peeler pot in 1992.
__March __April__May __Juce __July __ August

__September __ October ___November

Please check each month in which you will hard crab pot in 1992.
_March __ April May __June __hly __August

__September __ October __ November
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PART Il
MONTHLY SURVEY

IF YOU HARD CRAB OR PEELER CRAB POTTED IN THE MONTH OF AUGUST, PLEASE
CONTINUE WITH PART I OF THE SURVEY. IF YOU DID NOT, PLEASE RETURN
PART I OF THE SURVEY. THANK YOU FOR YOUR TIME.

There are over 2600 crab pot license holders in Virginia. You are one of only 100 people who
are receiving a survey this month. The information you provide will be held in strictest confidence.
We are only asking you to provide catch data for one month. This data will combined with all of
the other responses from other months and only reported in this aggregated form, as an average for
the industry. Your response is critical to the validity of the survey and to assuring that any new

regulations are not an unneeded burden on watermen.
The following page contains a day-by-day calendar for the month of August. Two types of catch

are listed - peeler crabs and hard crabs. Please give us your best estimate of the number of bushels
of each that you caught each day.

E-14



August1992
M W T .F

bushals of
peaier
cralys
tushels of hard
wabs
%‘ib o :émm of bushels of bushals of tushets of bushals of bushets of
peale pesier pais paslat pasisr pasie poslor
crabs crabs, crabs crabs, crabs crabs crabs_______
bushels of hard | bushals of hard pushels of hard | busheis of hard | bushels of hard bushais of hard | bushels of harg
aabs craba. crabs crabs, crabs, crabs crabs,
bushels of monls of bushels of bushals of bushels of bushals of tushels of
pesler pesier poent peoker peabec pesler paaler
crain craba, orabs, tbs crabs. crabs. crabs,
bushels of hard § bushels of hard | tushels o hard | bushels of Tard | bushels of hard | bushels of hard | bushels of hard
crabs crabs, b cra oabs crabs crabs
tnghels of buZ! of bushels of bushels of busheis of puzhels of pushels of
pevier posler pesler pesler posler poalet poalsr
orabs oS, craby crabs, ormbis, crabs. crabs,
bushels of hard | bushels of hard | busheds of hard bushets of bard | bushels of hard | bushals of hard | bushels of herd
cral crabs abs crabs crabs. cral cabs
t::r;h of wd:rh of bushels of buﬂ:rls of bushals of bushels of gn%ls of
pon posier pos penaler lor
by, cabs, aubs, crabs erebs craba, gb‘l
bushel of hard | bushels of hard | bushels of hard | bushels of hard | busheis of hard | bushels of hard | bushels of hard
crabs, crabs crabs, crabs crabs crabs, crabs,
é‘""‘ o 3"‘"‘""' N ER
poeier panier THE SPACE PROVIDED PLEASE INDICATE THE NUMB
orabs, crabs
:.ﬂ;‘:'dm bushels of hard OFBUSIELSOFPMGABSANDIORWDCRABS

THAT YOU CAUGHT BY POTTING EACH DAY

M



If you peeler potted on any day in the month of August, piease answer the following questions. If
you did not, skip to the next page.

1. On the average, during August, how many peeler pots did you fish per day?
pots

2. What percent of your pots did you buy?

percent

3. How many times a day did you pull your pots? _
4. How long did your daily crabbing run take?
___hours
5. How many crew did you hire? ___ (if no,skip to no. 6)
Did you pay your crew by wage or share?
___wage share

6. Did you shed your own peeler crabs during August?

yes ___no (if no, skip 1o question 8)

7. What percent of your total catch of peelers did you shed?
percent

Which of the following did you use?
__ floats __ recirculating system

8. Please indicate the percentage of your catch which went to each of the foliowing channeis during
August:

shedder percent  personal use percent
fish bait percent
other (please describe) percent
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If you hard crab potted on sny day in August, please answer the following questions. If not, skip
to the back page for any additional comments you wish to make.

1.

On the average, during August, how many hard crab pots did you fish per day?
—Pots

What percentage of your pots do you buy?
percent

During August, how much bait did you use per day?
How many times a day did you pull your pots?___
How Jong did your daily crabbing run take? ____ hours
How many crew did you hire? __ (if none, skip to no. 7)
Did you pay your crew by wage or share?

____wage ___ share
What is the lowest price at which you would be willing to sell your crabs?

S

Please indicate below any reasons other than low price which would cause you to not crab on
a given day:

Please indicate the percentage of your catch which went to each of the following channelis:
Picking house _ percent
Sold live to other than picking house __ percent
Sold steamed to other than picking bouse __ percent
Sold as picked meat ___ percent
Personal use _ percent

Onher (please explain) percent
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ADDITIONAL COMMENTS:

D IF YOU WOULD LIKE A COPY OF THE SURVEY RESULTS,
PLEASE CHECK THIS BOX

PLEASE RETURN SURVEY TO:

ANNE GIURANNA

DEPARTMENT OF AGRICULTURAL ECONCMICS
VIRGINIA TECH

BLACKSBURG, VA 24061-0401

(703) 552-5521

1. Production functions were not estimated for the months of March, October, and November because
0o surveys reported any peeler crab catches in these months.

2. The 1990 list was used as the 1991 list of license holders was not available from the VMRC at the
time of sampling.

3. Many people who filled out Part Il of the survey (monthly data) filled out everything except the
monthiy calendar. These surveys were not considered incomplete because they provided much other
useful information. Incomplete surveys included only those who did not fully complete Part 1 (general
data).
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